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ABSTRACT 


This study attempts to reveal the meanings that 
students and teachers give to a laboratory/field-oriented 
Snow ecology unit as well as to the laboratory experience 
in high school biological sciences. These meanings are 
used to evaluate one perspective of the worth of the snow 
ecology unit and the laboratory enterprise in science 
programs. 

The snow unit was developed over a period of four 
years In porder _to' introduce biology students) to the 
importance of Snow as a factor in the Canadian environment. 
Basic concepts were selected from research writings in 
boreal ecology, and the format of presentation based on 
educational research into laboratory activities, projects 
and field studies. The unit was designed to fit within the 
Curriculum specification of the Alberta Biology 29 program. 

An examination of current evaluation research trends 
in science education indicates tia EraGiceponal 
quantitative studies, based on tight statistical analyses 
and following the “scientific method", are now being 
complemented by qualitative techniques which attempt to 
describe and interpret educational settings "in situ". 

The state of research into the effectiveness of 
laboratory work in the biological sciences was examined. 


Little definite support was £ound for the Laboratory 
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Gomponent of biology programs other than for content, which 
dees Snct srequire laboratory “work “and/or process skill 
development. Regardless, both researchers and teachers 
have indicated highly positive effects of laboratory work 
on the students and classroom atmosphere which have not 
been formally evaluated. 

A qualitative study using situational interpretative 
methodology was used to obtain data on the worth of the 
snow ecology module. Three classes cf Biclogy 29 
participated in the study, including one class being taught 
by the writer. Observations were made on the writer's 
class and interviews were conducted with eighteen students 
and two teachers. 

Interviews were taped, then transcribed. Each 
individual's comments were gathered into a series of short 
paragraphs and a written interpretation prepared by the 
researcher. These descriptions and interpretations were 
returned to the participants for validation. 

The meanings the participants gave to the snow ecology 
unit were examined using a framework developed by Rothe 
(es WAS es Meanings were placed into one of four Areas of 
Being and the responses were grouped according to major 
themes which became apparent during the examination of the 
interview data. 

Panic)! CanGerresponsesmmindicabes tha teal abo Wao ry. 
activities have meanings in the Passive, Immediate and 
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Responsible Area of Being, that the experience is of 
considerable value to most of the participants, and that 
the removal of the laboratory from a biology program would 
reduce the worth of that program. 

The snow ecology unit was thought to have been quite 
successful. Though the concepts and content could have 
been taught in class without laboratory activities, the 
participants stressed that the impact of “hands on" 
experience gave the unit its significance and helped to 


develop a more positive attitude to the winter environment. 
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CHAPTER 1 


INTRODUCTION TO THE STUDY 


Purpose of the Study 


Laboratory activitiess= Nave traditionally been a 
component of senior high school biology curricula. “In 1982 
the National Science Teachers Association presented a 
position paper which indicated that a major goal of science 
education in the 1988's was to help students to become 
sclentitically and technologically literate and 
re-emphasized the importance of laboratory and field 
activities in helping to meet this need. While 
considerable lip service has been paid to the effectiveness 
of the laboratory experience, suggested by the multitude of 
articles in biological and science journals and personal 
contact with science teachers, little formal evaluation has 
been conducted by science educators into the worth of these 
activities, whether they are carried out in the familiar 
indoor laboratory, Setting or outdcorsein the field. 

This study attempts to reveal the interpretations 
whieh teachers “and Students give to biological “Eleld 
studies, using a series of winter ecology activities 
designed by the writer. 

The study should provide the participants by their 
involvement ria! the investigation, with a better 


understanding of the laboratory/field experience and 
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hopefully, through description and analysis, provide other 
educators a forum for exploring the meaning these 
experiences have for them. This study should also 

a) help educators arrive at a better understanding of 
what it means for both the student and the teacher 
to experience field work in winter ecology. 

b) provide additional background and resource materials 
in an area of biological science generally ignored 
by the current texts and materials available in the 
Alberta biology curriculum. 

c) provide teachers and students with some suggested 
fleld sactivities that can) be nun) during the winter 
season, the major part of the school year in this 


region of Canada. 


The Laboratory as an Effective Teaching Strategy 


Science education in Canada has been heavily 
influenced by research not only in education but in the 
sciences themselves. This is illustrated by the number of 
well designed and tested American programs such as P.S.C.S. 
POYSLCS 0c eHebeMs OCUCY ands .5.C.5. FIO LOgyY, developed, tor 
senior high schools during the 1969's, which emphasized the 
laboratory. Recent concerns for environmental problems 
have triggered an even greater stress on the role of the 
laboratory in the biological sciences. Nevertheless, it 
was still necessary for the National Science Teachers' 


Association Commission on ProfesSional Standards and 
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Practices (1979) to make the following comment (Bates 
1973): 

The time has surely past when science 

teachers must plead the case for school 

laboratories. Le] 1s) now “widely, 

recognized that science is a process 

ande*an! Pacelvity as smMuch m= aS it 1s. an 

organized body of knowledge and that, 

therefore, it cannot be learned in any 

deep and meaningful way by reading and 

discussion alone. 
The laboratory is a costly enterprise. Special rooms have 
to be designed to meet the many needs of modern science 
activities. Equipment and materials make up a considerable 
Portion =o£eta school!s* “annual budget. A major question 
often being asked is whether students get something from 
laboratory experiences that they cannot get from lectures, 
bilms or demonstrations #(Bates) 1978). Ttea gestalt "exists, 
it does not seem to have been articulated clearly. School 
boards and school administrators, as well as science 
teachers and students, are required to make decisions on 
theyworthtot laboratony/fleld activitves. 

However, the decisions mentioned above cannot be made 
only in “terms "of ~cost® efficiency. The worth of the 
Vaboratco ny as a teaching strategy 1s “o£ -prime 
consideration. The classroom teacher must be able to 
justify and thus support the use of laboratory activities 
to himself, his colleagues and his superiors. The students 
also >have a:role to play in lany such idecisions. 
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techniques, would appear necessary in order to provide much 
needed information for educators to evaluate this aspect of 
science education. 

What eathenp»lhare some of? “the ebasic) considerations 
educatorsmushnould sgive Stoemthesmlabowatony iexpernience: 
According, to “Schwab ~(1966)) thes laboratory should display 
the (phenomena swhich gives rise @toi problems, ways of 
gathering data to solve these problems and all the inherent 
difficulties one can expect. The laboratory should also 
provide thesesettinge for Mconducting i scientific” Tthinking 
and eliminate the artificial distinction between classroom 
and laboratory, as well as knowing and doing. Watson 
(1978) noted that psychologists from Rousseau to Piaget 
have emphasized that experiences, whether from everyday 
living or predetermined in a school setting, form the basis 
on learning. Those activities which are school-planned 
could be amplified by laboratory, museum or field settings. 
Each? /Sectingmeas consideredmas@acontribucimng.) to the = tull 
range of learning: cognitive, affective, aesthetic and 
skill. Each setting also allows the participant to have a 
personal, non-verbal experience with the things and 
interactions fof theyworld: 

Bates (1978) examined the role of the laboratory in 
secondary “school =science ~ programs. He notes that most 
research on sevence “instruction hase been’ centered on 
Sonreneasacauis 1. tiacn. The few studies conducted in other 


areas have used empirical methods of limited validity. 
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THUS, Chere rs considerable Vdireticulty in “making “any 
definite statements on the role of the laboratory. He 
Suggests that teachers who believe the laboratory 
accomplishes something special for their students would do 
well to consider what is accomplished and look for means of 
evaluating this effect. He asks the question, "What does 
the laboratory accomplish that could not be accomplished as 
well by less expensive and less time-consuming 
alternatives?". He also notes that there appears to be a 
general acceptance of laboratory activities as having a 
definite place in science programs. 

In discussing out-of-the-classroom field studies, 
Koran (1979) noted the lack of the clear data which would 


Support the apparent value of this type of experience: 


Even though the literature on field 
trip effectiveness is not definitive, 
both teachers and students extol the 
positive virtues of such experiences 
beyond what one would expect, given the 
results of research at this point in 
time. This suggests that beneficial 
effects of "out-of-school" learning may 
not yet have been explored or 
completely measured. For example, one 
potential positive effect which does 
not seem to have been reported is the 
rejuvenating effects on both teachers' 
and students' psyches. The 
exhilarating effects of getting out of 
the routine may well have positive 
long-term therapeutic benefits. But 
how do we measure these? 


thevelack= = ot any SUDPOGtiIng Pevidence stor | baboratory 
activities is certainly well illustrated in the above 


quotation. 
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Novak (1976) stressed the importance of lab and field 
Jeuaioet lg, Jomiesdhiexe jy Experiences with real objects are 
needed to form primary concepts (give meaning to concept 
labels such as cell, climax vegetation) in order to develop 
secondary concept formation (ecosystems, metabolism). He 
moves shat white  Ptager Iplaced BS stress on ) hands-on 
experience for children, this type of activity is needed at 
all ages. He turther "states Sthat salthough “lab and tield 
experiences can be designed to test for concept meaning 
(enquiry learning/problem solving experiences), concept 
learning and development are probably more important. The 
Social exchange of the laboratory and field activities can 
lead to positive affective responses, attitudes and values. 
Again there is a lack of Supporting evidence. However, 
educators must consider, at least in quantitative terms, 
much of the possible value inherent in the lab experience. 

To summarize, although there is considerable intuitive 
Support among teachers and science educators for the 
laboratory/field experience, supporting quantifiable 
evidence from the evaluation of these activities is highly 
imited’. Information on the worth sor, the Laboratory vs 
required before intelligent decisions on its future in 
science curricula can be made, decisions which involve both 
monetary and learning aspects of this educational 
Situation. 

The major “thrust (of Sthis\ study. as to “reveal the 


meanings “that “a= “labotatory expervence thas “for 7its 
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participants, classroom teachers and students. With this 
information, comments can be made as to the worth of both 
the snow ecology unit and the laboratory activities it 
exemplifies. In effect, the laboratory is being evaluated 


within the limits of this study. 


Evaluation as an Educational Endeavour 

EvValuaeton; = a) Major pactivity sane the stivelds oF 
education, has a variety of definitions. These depend on 
the evaluators involved and the subject of the evaluation. 
Since an evaluation, with its associated methodology, is 
part of this study, some comments on both its meaning in 
general and within the specific context of this research 
would appear necessary. 

Taba (1962) describes evaluation as determining what 
behavioural changes have occurred in students, and include 
not only the mastery of context but also the reactions of 
the students to this context. Scriven (1967) distinguishes 
between formative (assessing during the formation of 
programs) and summative (assessing completed programs) 
evaluation. Formative work appraises programs during 
development in order to improve their quality. Summative 
evaluation must result in a decision based on the merits of 
the program. This separation allows a researcher to focus 
on one specific aspect of a curriculum evaluation. 

Popham (1975) refers to formal evaluation in education 
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which is an assessment of the worth of educational 
phenomena: 

The educational phenomena that are to 

be evaluated can include many things, 

such as the outcomes of an 

instructional endeavor, the 

instructional programs that produce 

these outcomes, education products used 

in educational efforts, and the goals 

Vol whacheneducationals ettonts se are 

addressed. 
He also notes that a low emphasis on the evaluation of the 
affective domain has only recently concerned evaluators. 
Because the affective refers to attitudes, values. and 
interests and are of an individual nature, evaluation 
techniques appear to be limited in number. 

Werner (1978) defines evaluation as "a sense making 
or interpretive activity" by the evaluator. The evaluation 
inMeaeschool Situation “1s coloured not only by seach 
Student's personal reactions but also by the biases of the 
evaluator. He thus notes that any evaluation "is colored 
and moulded by the initial perspective used for inter- 
preting and defining his experience of a school program". 
This definition, of an interpretive nature, is a departure 
from the more objective definitions presented by Taba, 
Scriven and Popham. It reflects, to a considerable extent, 
his research methodology which differs from the more 
generally accepted quantitative method involving 
considerable statistical analyses. 


Jeffcoate (1981) stated that the aim of evaluation is 


to determine the impact of teaching on Knowledge, 
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sensitization, opinion and attitudes. Evaluation must 
include regard for views and interpretation. He found that 
interviews in which recording devices were used helped in 
this respect. He sees pupils not as single objects to be 
tested but as autonomous actors entitled to their own 
interpretations and opinions. It is important to know what 
an innovation has done for their knowledge, thought and 
feelings. Students have their own views on the successes 
Cresta Mlures OL "a program, "asmwell ds: Onewlts estrengtns wor 
weaknesses. 

In this research investigation, the writer defines his 
concept of evaluation in similar terms to Werner and 
TebEcoate. A description of the dominant research 
methodology used in evaluation research, along with some 
alternative approaches which can be used to examine certain 


Situations, is more extensively described in Chapter 3. 
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CHAPTERS 2 


THE LABORATORY IN SCHOOL BIOLOGY PROGRAMS 


This chapter provides the reader with an overview of 
the value of laboratory activities to both the students and 
teachers obese high = school biological tscience. The laboratory 
iss-deflined, and its place “in “school biclogical science 
Programs is described. Following a number of illustrations 
which attempt to convey the impact of field work on both 
teachers and students, actual evaluations of some labora- 
tory activities are described and discussed. Problems in 


evaluation methodology are noted. 


Defining Laboratory Activities 


Laboratory investigation involves some or all of the 
many processes used by scientists in their day-to-day work. 
The locale is irrelevant. Although typically viewed as a 
special room or area in a school building where science is 
done, it is obvious that a laboratory, in the true sense, 
is found wherever a scientific study is taking place. In 
the biological sciences, this is often outside the confines 
Of a “building, where organisms May exlst in)their natural 
environment. in, tact, many investigations Gpequire both 
outdoor and Jindoor activities in’ onder ‘to accomplish “a 
Single goal. THis 1S "exemplitied. by a study which might 
involve the examination of pond organisms in their natural 


environment followed by a collection of the organisms which 
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are later examined in more detail in the school laboratory. 
The unit designed by the researcher is in this category. 
For the purposes of this dissertation therefore, field work 
and field activities are synonymous with the laboratory 
enperpriseé, seandasrurthers discussions pewidil, wetleces the 


outdoor aspect of laboratory activities. 


The Importance of Outdoor-Oriented Laboratory Experiences 


Liebherr (1961) aptly comments on the significance of 

Sutdoom work. in-school, biology: 

How many times have you emphasized to 

your ‘class that biology 1s the science 

of living things and then proceeded to 

teach the course using dead specimens? 

How often have you taught the processes 

of biological cycles and then failed to 

bakes your "Classes imtonlrany Matures 

environment where these cycles could be 

seen in operation? 
Besides suggesting the value of outdoor investigations 
Liebherr reveals a problem which, for whatever reasons, 
exists in many biology classrooms: the emphasis on content 
learning rather than on students' experiencing the 
realities of living organisms, systems and environments. 
During. “my sowne «years of “teaching. 1. have sopserved this 
phenomenon on numerous occasions. The dack Of bre logyvcal 
background by a teacher, apparent time constraints in 
covering course material, and even winter as a seasonal 
problem haven been mentioned as reasons for the limited use 


C2 held Swonk «11 #b10lOogy~=programs.s One should thus ask 


whether the laboratory experience really has positive value 
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to teachers and students or is it simply a routine demanded 
by a curriculum, an activity we would well do without. 

Brennan” (1967) “states that’ since scientists go to the 
environment to gain an understanding of it, the student 
must go there also. “Since most living things are outdoors 
we must go out-of-doors to learn about and experience their 
natural environment. Inv the” cutdoors "conditions and 
lessons change continuously; there are real measurements to 
be taken, real questions to be answered and real situations 
to." be “studied. The constant changes in the outdoor 
environment confer a permanent "open end" to the 
experience. 

if as bPuennan L967) “states, an -aporoprpiate aim iin 
education is to develop in the student "an interest in what 
he is learning and with it an appropriate set of attitudes 
and values about intellectual activity generally", the 
laboratory, as an integral component of biology programs, 
Should assist in | accomplishing ~ theses megoals., An 
investigation of the activities being carried out in the 
classroom would tend to support the positive aspect of the 


field laboratory experience. 


The Value of the Outdoor Laboratory 


The literature “on L1ela “activities “points “tom che 
highly pesitive “effects of “field work on the students, 
This enthusiasm appears in turn to have encouraged teachers 


toe continue swith thesé™ activities, Andicatedr by “their 
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desire to share these experiences with other science 
educators Chrough qournal varticles, The representative 
examples which follow illustrate these effects and reflect 
the resultant teacher enthusiasm for continuing field 
studies with their students. 

Brown (1959), working with two groups of grade nine 
science students studying the pattern of plant succession 
for its impact on organism interdependence, found that the 
classes exhibited an enthusiasm considerably greater than 
in regular classes being taught the same topic, but without 
field work. Buldington "1959)) netticed “a “detinitert esprit 
de corps' development in a winter field experience with 
college students, supported by numerous student comments 
indicating that the field work learning experience was the 
high point of their college careers. In working with 
primary school children, Greene (1967) indicated that the 
children were tremendously interested in field biology 
phenomena and were thrilled with opportunities to 
BOUSCOVier =liheLhe=oucdoors. 

Abraham, Kennedy and Liebherr (1966) are convinced 
that Sthe “study @of organisms in wtheir Maturaleenvironment 
provides a learning experience that has both immediate and 
lasting value and that the experiences gained can motivate 
the students to read about what they have experienced. 
This can serve to bridge the gap between the written text 
and the actual experience of observing and working with 


organisms. Students freely state sthat "int the, case Tot 
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activities at the Eagle Lake Biological Station, weeks of 
clasSroomestudy eCanno.e megqualsstours days « ina sthe stteld. 
Soderberg and Thompson (1969) found that the side-effects 
of their oceanography outdoor activities were almost as 
Valuable Sas ethelmateachingsstom concepts wand. skills jee They 
resulted in stimulation of what had been considered dull 
material by the students. The student reaction had an 
obVIOUSe —DOSiI tive. ~effecty sone the ,*teachers (sin .return:. 
ACCOrding to, Roth s(1961), following class field studies, sa 
group of his high school students organized themselves, on 
Chere owneslnitiative, Into. a siield biology, .clube whieh 
subsequently took part in a number of investigations 
conducted by recognized biological agencies. The field 
activities had apparently affected their attitude toward 
biology as a meaningful lifetime experience. Berry (1974) 
noted similar effects following a river ecosystem field 
Study by two-year college students. 

It is seen then that enthusiasm for biology at a level 
not previously observed in students and attributed to field 
work has been noted by a number of instructors. In 
addition, Highfall (1977) mentioned an increased. use of the 
knowledges gained ineregullan, classroom sacbivities sand 
frequent student reference to their field experiences, 
Baer (1977) thought field studies had a deep meaning for 
students which he considered of “immeasSurable" value. 
Although he was unable to describe the overall effects with 


more precision, it would appear that both he and his 
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Students gave many personal meanings to the activity. 

Lee (1977) conducted = ischool roof top field studies 
with his high school biology classes monitoring autumn hawk 
migration. Following the experience Lee observed that the 
overall results were difficult to assess, since effects 
seemed to be different for each student. While a few kept 
their involvement to a minimum, others became deeply 
involved. Many students joined Crnitchoelog ical 
organizations, went on out-of-school field trips, or simply 
visited natural areas on their own initiative. Most seemed 
to have developed an awareness for the place of hawk 
species in the ecosystem. Individual meanings given to the 
experiences were clearly observed. Lee was not attempting 
to evaluate the program in a formal manner yet even his 
“gute reactions” could not be effectively communicated. “In 
this sense, apparent values became value-less to anyone 
assessing the field program. Jernigan and Wiesch (1978) 
also anditcaved positive ™ Dut sntang ible  errects of tan 
environmental studies unit, yet mentioned these effects in 
their own evaluation of the program. 

The studies cited all appear to have a common theme. 
Students who participate in laboratory/field studies appear 
tow Ravel *a. More “positive! approach to wall, "aspecus oF 
biologicals, science, “both Jin Gand? cute or ‘the: school 
Situation. This indicates that special meaning is given to 
this experience and cannot be confined within the walls of 


the school. Equally obvious in the students is the great 
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difficulty encountered when trying to identify what these 
meanings may be and in what ways the activity segment of 
brological studies is “interpreted by “both the ® individual 
student and teacher. Allen (1975) “seflects "this feeling 
when he suggests that field investigations, uSing natural 
phenomena, act as a springboard to raise questions about 
the meanings of the participants' own lives and to reflect 
on their lifestyle aspirations. The learning attained from 
field experience lies not only in what meaning it makes of 


the world but also in what it makes of the learner. 


Evaluations of Outdoor Laboratory Activities 


From the preceding remarks, the reader may feel that 


formal evaluations of laboratory work have not ‘been 
attempted. An investigation of the literature indicates 
that while there is definitely @ Wack of research into this 
aspect of science education, a limited number of studies 
have been completed. The following paragraphs summarize 
the results obtained from these studies, generally based on 
the dominant research methodology used in_= science 
education, and =Leuvyingwon, GuUankicative sdata, = stablomeaqwhy 
analyzed, to help arrive at educational decisions. 

One of the earliest studies of this nature was 
conducted by Harvey (1951) on a group of grade nine general 
science students, who were to study the biological impact 
Of Elre on the environment. She attempted to measure the 
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student as compared with a control group, studying the same 
beopic butowithin=s the. classroom situation. Her definition 
Sf _Eleldy trip.iwas.."a carefully ‘planned and» -evaluated 
SxCurSion soutsidesthes school, building, an integral, partyof 
the instructional program in which each student takes an 
activeuwpart” . 

The material presented to both groups was new. Both 
groups were pre-and post-tested by a self-devised 
instrument. It was discovered that at the 9.91 level, the 
EwoumMebnods of instruction», produced significantly ditferent 
results, not attributable to. intelligence, in favour of the 
students experiencing the outdoor work. The field trip in 
Chuse StUuUdVeLWaSes.Om “Short duration, eal eMattie of et wo 
fifty-five minute classes. The laboratory apparently had 
more of an impact on the Students than a strictly classroom 
exposure to the same topic. However, only that aspect of 
the experience which could be quantified, improvement in 
process skill learning, was evaluated. No mention was made 
SEaithelsteciings “of Gthes pariicipants,,.8atter sthey- ahad 
completed the unit. 

Bullington and Wittrup (19798), during the development 
Sf an, activity methods biclogy uUnat Iunvolving prospective 
teachers wandyshigh “school. students, (used) a .prepaned 
questionnaire to evaluate the field experience portion of 
the unit. The popularity of learning based on meaningful 
activity and involvement was an obvious effect. ‘Students, 
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involvement in the outdoor setting was) a highs point in 
their educational experience. they» tele vthat, fneldmiwork 
involved the living or real world. Working in small groups 
was very much preferred to large group work. Data were 
quantita ed s-and, = althoughiassome indication, cCihy participant 
impressions was suggested, individual meanings were not 
obtained nor was an attempt made to do so. 

Riban and Koval (1971) investigated longer term field 
Studies in the high school. The field work extended over a 
four day period in particularly miserable weather. The 
Students tested had never taken a previous biology course 
and were working as assistants to senior biology students. 
A B.S.C.S. developed test was used to determine knowledge 
of the essentials of scientific method and design, and was 
administered in a pre-test, post-test design. The initial 
VieEusSuseehinale scores (were: Slqonificant aug the) 0.05  tevels 
The mean gain was similar to that of students having taken 
Bacuceo MeOLOlogy©( Drocessresiil | Gorwented eirormaweull Syear 
and better than those who had completed a conventional 
content) on1ented sbiology course. ASsesin ~Alsben* si estudy,, 
Skiiltimprneovement, relatively easy to quantity, was the 
ONY maspectMoOLc thes acbivity, evaluated. 

Simpson (1973) indicated that science educators were 
becoming aware that a student's behaviour is influenced as 
much by how the student feels as by how much he cognitively 
understands. Bvidencer as: mounting that behaviour sis 


affected by such things as interest, likes and dislikes, 
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feelings, attitudes and values. He noted that very little 
information seemed to exist on how to evaluate learning in 
the affective domain, and that it might be possible to use 
some recently developed empirical techniques. Although he 
appeared to recognize that an educational experience is 
complex and quite individual he still equated evaluation 
with quantitative methods of investigation. 

AP Mone recent "study = by Chrousierm (1975) produced 
Significant ‘results “on™ tests comparing twoo classes of 
students (prospective elementary teachers), both given the 
same classroom instruction. The laboratory sections were 
equally divided into an indoor and outdoor group. ~In both 
cases identical principles were covered, the indoor group 
exclusively “by— indoor methods, the outdoor “group 
exclusively by field methods. He concluded from his 
findings that the outdoor laboratory was more effective 
than the indoor laboratory in helping students achieve (a) 
Understanding of the) Social Waspects "of “sctence,, “(b) 
understanding of selected biological principles and (c) 
understanding of science aS precess:. More highly positive 
attitudinal behaviours were observed in the outdoor group, 
an cHough ane attempt was made Go evaluate Bem. 
Implications of the research included an observation that 
Gfrectuvewuse of the soutdoors! "results, “in Vay better 
understanding of one's role in the environment and society. 
He further states that there iS no» substitute’ for da E1eld 


laboratory, In this “Kind =of preparation. at = ayy time = when 


19 


ec ee 


. : iS 


St pao rasd ‘seivicve, 2a wai he! 
anu af a tshinny 40 sfgte ot a: 
oiYNy) teed). bens 11gee | ost 


an don 1 


oe), ny Souve 


all) 


feneiioahs 


my al . 
a oS rn) 


ie 9 


vil 


ire : 


i St 
me 


re i? 


Qcrvenfove betesps. DEISE” o- laubgye ‘2 2 ap ir oo 
tes saath 


Aye! yee 


: a ‘ : : 
: - 
ie = (ec? Bl hh me we a Feil FE raeaens LE 
ss _ ; 7 _ - - 7 _ - 
omec- a SHUSEGTRD : =J°3" ns or lige ineDeTeRges 
es oe is 
aa asi ' i> Aes. VIas eRe. < sy lenaggetay 
, : : 
ae Si bees Sa. Wed ese we nie neceent _ ; 
es : 
4 ric to he gone Ae \( *ie.t (et 
® : 7 - 
é : ; 116% Se al i've ban jae) (eeae nal 
5 malar? nt ce hese 
- j i eo? vg ooae 
g4ize2 92 To UP a ee | ee ee ee tae @ 
ja) =a hr b > a) t@ CFs leas Ale* ese 70798 Tyohal ane 
sve a a hice 
: _ 
ied, GOS Satin gon fees ialety Pe se Len - 
eve)) && Pape (ae os connate We eseetce SS resin 
etnre 1 erey pe’) Gere stol ga SIL Var: Ses 
s0ep = 2 pag eames’: 4 
see) Soi buy te, we bem’ e (RAhe® af? . Ye cen 
ie 
o 
so bane ¢ al wiivugs Feces OF 
ay ee 


gfiatare Go Opies tl cet 40 4 


a en 


| er 
$4623) OD=v* | ar vienkin errs! ere OMe, ) 
wate Set 6 me wWieetey ~ oe an 


awareness and understanding of the environment could 
potentially mean individual and social survival. A 
Piagetian flavour is noted when he comments that the 
Student sals ey ablesetonsbeqine hisw study-swith» low-level 
abstractions and work to higher levels at his own rate. 
Again, the evaluation involves content, not the personal 
meaning these activities had for the students. The 
positive attitudes that seemed to develop from experiencing 
the outdoor laboratory were noted but not evaluated. 

Frazer (1978) used student and teacher opinions on 
learning environments and teaching materials during an 
evaluation of the Australian Science Project. Data were 
collected by means of a questionnaire. He noted that case 
Studies appear to provide a more sensitive and 
comprehensive picture of what actually goes on in a 
elassroome jsituation. Many teacher misunderstandings in 
presenting materials were revealed. Although meanings and 
interpretations of the participants were not specifically 
investigated and that data gathering was, in part, 
quantified, an indication that empirical techniques should 
not be the only means of evaluating classroom activities 
was clearly suggested. 

Saunders and Dickinson (1979) compared the effects of 
a lecture-only versus lecture-laboratory biological science 
PeCINatmy on —cConmuntty Codmegemstudents:. Although few 
empirical conclusions could be made, they did consider that 


the lecture-laboratory Situation may have been better, as 
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the students seemed to have a more positive attitude toward 
biolegicale® science’. Once again, the results of an 
empirical study also revealed a value component which was 
not nor could not be quantitatively measured, yet was used, 
without substantial supportive evidence, to come to some 
conclusions om "the worth of the Waboratory < 

An empirical study by Blum (1981) attempted to measure 
the effects of an environmental science curriculum on 
Students’ leisure time activities. As previously 
described, a number of biology instructors had observed 
that students involved in’ field studies often became 
Imvolved in  Dilologicallactivitpes “outside” ther school 
environment. Blum concluded that a guided but open-ended 
inquiry approach with meaningful environmental contact, 
focusing on field experiments, can affect students out of 
school “activities. Although his study indicates something 
about eactivity. design, specitic peasons jfor the effect of 
field work on student meanings are not revealed. 

In the evaluations described above, the cognitive and 
skill aspects of the laboratory were readily examined by 
empirical methods. However, investigators, although 
recognizing that there were affective/meaningful 
implications to the laboratory experience, found great 
GitEiculty in evaluating them. No specific study on the 
meanings/values of the laboratory situation to the student 
or the teacher has apparently been attempted. It would 


appear that empirical techniques, which dominate evaluation 
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research, are incapable of such a study “and “that 
alternative methods’ are hequired “tc sorovide this 
information. 

The imitations of the Ese eVelnh eal tonal! il research 
methodology and the use of qualitative techniques to 


examine science programs are discussed in Chapters. 
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CHAPTER 3 
APPROACHES IN EDUCATIONAL EVALUATION 

Paradigms in Educational Evaluation 

The research methods generally followed in the social 
Scvences Sande speci tically es inywscvence "educations tare 
unquestionably founded on the techniques used in pure and 
applied science. Kuhn (1979) describes the scientific 
research method as a paradigm, a term that indicates the 
acceptedw models: “that. Gleadipto- «a certain tradition: of 
research. The dominant paradigm in science education is 
Founded on y"the “sclentrrtic™ method™ ‘with’ "1lts concomitant 
SEpeSS@ On OOJectlVvity -and) quantification. The methods of 
investigation adopted by the scientific community for the 
study of scientific phenomena have been, with few 
exceptions, accepted in principle by educators as Rae ce 
SEP Investigation, "in a social ‘science siaeld? However, 
recent literature in education is beginning to suggest that 
the present research paradigm may require considerable 
rechinking,. spartacularhy in wlaght, Mot ® “ther wditirerent 
"subjects" of study between the natural/physical Sciences 
and those of a social nature. One must seriously question 
whether a research method developed to investigate natural 
phenomena, uSing objective evaluation tools, can be applied 
f6°"%a El'eld in “which ‘the subjects are “alive, “thinking, 
dynamic Sand interact "consciously with the’ researcher and 


the techniques being used. The following paragraphs 
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pilustrace ethis “concern. 

In 1972, Glass stated that more emphasis should be 
placed on evaluation so that the worth of a program, 
product or procedure might be determined. He was concerned 
that the scientific/technical paradigm was an inappropriate 
approach for evaluative investigation. Glass emphasized 
that one does not have to be able to explain a phenomenon 
to evaluate it. The scientific paradigm in the sciences is 
SOuUndedseoniaStabiiityovoty thestbasic "Slawsimot  sevence, 
whereas when the same paradigm is applied to the social 
Sciences, the stability is considerably reduced. The 
relationship between variables in education appear and 
disappear often as a function of extraneous conditions and 
one can never really know when to expect the relationship. 
Glass further states that if physical laws are as 
unpredictable as the laws governing education systems, to 
get out of bed would be dangerous. Glass is retlecting 
disenchantment with the traditional research paradigm but 
does not suggest alternative methods. Again, some of the 
problems in social sciences research were illustrated by 
Shaver “ana Larkins Ci973) ee NO tinge ciie sem Olas iis sso 1 
objectivity. The evaluator attempts to remove himself from 
the situation, and design an instrument that measures only 
the small sample of behaviours which lends itself to 
measurement, often becoming more familiar with the library 
than the students, which limits the "size and number of 


Slicesmotereali ty “being einvestigatved. Investigative 
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methods, such as those employed by ethnographers, are more 
holistic because of the researcher's immersion into the 
problem and the lack of built-in limits and predetermined 
variables. 

Bowens (01975) concluded “that quanti£Eication jot data 
based on tight research designs and statistical analyses 
aARe=OnLY spantvallye=successtul and, without eliminating sthis 
basic research paradigm, there is a distinct need to turn 
elsewhere for alternative research techniques. Patton 
(1975) was much more emphatic in his observation on the 
current research methodology. He stated: 

wee very dominance of The 

Selene. fc Method in evaluation 

research appears to have cut off the 

Great Mayoruty Or “vis (practitioners 

from serious consideration of any 

alternative research paradigm. 
He strongly suggested an "alternative" paradigm as a valid 
means of evaluation, a paradigm that focuses on the 
meaning of human behaviour and indicates an active role for 
the evaluator by being partly inside the phenomena to be 
observed. The research techniques would rely on those 
developed from the anthropological rather than natural 
Science and require, among other activities, participant 


observation, interviewing of those involved, detailed 


descriptions and qualitative field notes. 


Evaluation in Science Education 
Evaluation in science education poses special problems 


to program evaluators. LES "practitioners fare usually 
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science educators, often trained extensively in the pure 
sciences, thus viewing research ig) Ve eke Seika) | come the 
scientific/technical paradigm. Science education, however, 
is as much a social science as any other area of education 
and any criticism of evaluation research techniques must 
equally apply to this field. Lowery (1980) Supports this 
Criterion when he writes that since science education 
research was developed during a time of considerable 
scientific enterprise, the research paradigm developed was 
based on the scientific paradigm. One should note that The 
Journal of Research in Science Teaching, one of the most 
prestigious science education research journals, only 
commenced publication in 1963, following major achievements 
in” the “Soviet—Union! “space’ program and thie resultant 
concerns raised as to the quality of contemporary American 
school science programs. At this point the evaluation of 
traditional and newly developed school science programs 
became a major priority in education research. Lowery also 
notes that the effect was to apply methods from the pure 
sciences to a different area of endeavour, science 
education, which is within the parameters of the social 
sciences. He further contends that there has been such a 
concern with scientific methodology that, in many ways, 
researchers have lost touch with the educational questions 
they have been asking. A survey of evaluation publications 
over the past twenty years reveals an almost exclusive use 


CEenhlgnlys quantitative Methods “using aemudtitude of 
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statistical analyses, at various levels of probability, to 
support or reject science programs and learning techniques. 
Lowery mentions that methods from other fields might be 
employed to identify the impact of science education from 
the point of view of the learner and to examine social 
interactions in science education settings, situations he 
feels are not measurable in terms of the scientific 
paradigm. 

I was an instructor of high school science, trained in 
the scientific method and teaching students to use 
scientific process skills. The selection of a methodology 
to evaluate the impact of the designed laboratory unit from 
the perspectives of those involved reflected my own 
background. Myo initial reaction; the search for =a 
quantitative method which would allow for a precise 
Statistical analysis, ended in confusion. Ski lis and 
content appeared measurable but not personal 
interpretations. I then began to review the literature of 
science education to determine whether there were 
acceptable approaches to evaluation which might focus on 
the gathering of qualitative rather than quantitative data. 
Although limited in number, articles were available which, 
lf "noehning “elise, questioned’ “the Vexclusive’ “use “of 
quantitative methods. 

In 1962, Heath, while discussing the evaluation of new 
science and mathematics programs, suggested that more 


useful information would probably result from a number of 
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studies # pertonmedweunderssca, Variety Sob conditions. 
Information on the effects of student enthusiasm for the 
Subject matter would seem to bear higher priority and help 
to provide a more realistic basis for the total assessment 
of programs. 

Atkins. 61967)" 9neted Jas bias in favour of the 
scientific/technical paradigm to the exclusion of other 
modes. As a result, problems studied in education research 
Oftens Curns out eo vbe Vtrivialpor bear little relevance to 
classroom practice. Activities in a classroom are both 
complex and subtle, making social outcomes and values 
ait hicultestoe quantity, Atkins suggested that research 
should be based on education theory and rooted in classroom 
Situations, resulting in a greater reliance on intuition 
and aesthetic dimensions for making decisions. He stressed 
therefore that research should have a naturalistic setting 
and requires an interpretive approach. The field of 
ethnology might, he thought, provide new perspectives in 
evaluating classroom events. 

Welch (1974) again expressed the concern of some 
science educators that data gathering techniques used by 
evaluators are usually selected from the field of 
measurement, whereas evaluation appears to require more 
emphasis on attitude, opinions and values. The worth of a 
program, and thus the judgement of people, is vital. His 
Suggestions for evaluation, however, did limit themselves 


to available quantitative methods. 


28 


ee 
7 


einai a 
eae ve} qoatnegise chet: \ 7 

atid wae PARTE, MEY TOL e2 geet 
snsvenaene fave 6As. 329s fosa “fa ehDyaieat a 


ogg 
ea 


eur Yoo Sveve2 > sere. & Season Cees 


aden ta niicelses eHow nplehug sesn 
y ; 7 a 
enéeans Aeizec@e al telwie eit. ty «oikeew © ch e 


a 


oo =eaguine olails ‘SO t jewiy? eo i Slo 02 a 
£360 [2 Sseise. 4 rs ida «Sai 700s , a a 
abi. fe jen gemur file «Ooms. DaeeEn wisiog bee 

+, Py te at **niee of 3 


oF oF a =? ree oa € 


r 


iS36c¢) 4 


Wor vend"? Py Sen gy 
nc ij ‘i 2% 3es6G3e.(8 fh nal tee -_ 
; | 7 
of ,ultle (eek fessan Gos BA ‘-seqih ui teeeees ” 
als i? « .) ae a rel sjguae" 26S | . 
erie -traeeqe et to urresAiny Pe 97 UPS) | 
upeden 4 any at! ws Sports ef ornube tem 
sceave Saeeeqe iO) ie 
od , ro a Gat its 19-444 Tt.) 
saUS =) pintee> ¢ Fires o.e OC iehecere et seeere 7 
i. WB: srg «(Cets)) 6ferre temp MUR Re $896 ocotee f 
eae 0 ©) T <a yp 0, 10000! saw (ove, feoedaiie -. OF 


—3¢ og 
(org 
mary ov 


Pin Sasa wears b6a 14) sd cre dfigy : 


eta jiays @¢, cPijwed* we twemppeee 
qunt(taag@s 9964) 518 atfagite <a) 


Labia 


In a position paper, Power (1976) again stressed the 
dominancesol Gthe = Tagnicultural—scientific paradigm "in 
educational research and that its methods were developed 
initially for research in agriculture and the sciences. He 
noted that there was evidence of disenchantment with the 
narrow viewpoint science presents in the social sciences. 
He feels that science education is too immature to support 
a Single paradigm and recommends that a paradigm based on 
anthropological methods be used to attempt to understand 
educational phenomena. He felt that there were pressures 
within the research establishment which would probably 
maintain the traditional paradigm as "the" research method. 

Yager 9(1973),. in discussing \priorities for research 
in science education suggested that methods used by 
amehropologists,, in which» the rnesearcher Jattempts Feo 
observe and report what actually occurs rather than testing 
preconceived ideas, might be a useful addition to the 
research repertoir. THOECUGh S veports,, sSranging from 
meaivvatalers tudentst through = small seqroups sor) class 
observations, could provide data on the moment-to-moment 
microdynamicsificen Vearning?. He indicated that the 
diagnostic potential of this research method would appear 
to have considerable value. 

The techniques used in the evaluation of the 
Australian Junior High School Science Education Project 
materials (Frazer 1978) indicated that, unlike most 


evaluations, a considerable proportion of the research 
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effort was on the direct observation of classroom events, 
and through questioning student interpretations of the 
learning environment. Teacher opinion surveys, to 
determine program strengths and weaknesses plus case study 
approaches were also used. Data collection involved, in 
part, the use of both television and tape recordings for 
the observation of direct classroom activities. Teacher 
opinions were solicited by questionnaire. The case studies 
approach involved detailed qualitative descriptions 
collected without any predetermined criteria in the actual 
classroom. Although the results were less generalizable in 
a traditional sense, they appeared to provide a more 
sensitive and comprehensive picture of the actual 
happenings within the classroom. The study revealed that 
important differences existed not only between classes but 
between individual students within a class. Also, some 
serious misunderstandings among the teachers’ were 
discovered. It was felt that these facts would not have 
been revealed using only the generalized data collected in 
a quantitative type of evaluation. 

Lowrey (1988) reflected on the focus of the 1979 
conference of the National Association for Research in 
Science Teaching, improvement in research in science 
education. He reiterated that research strategies in 
science education developed in the scientific era and that 
in an attempt to produce respectable results, science 


@dticators had tried to be more scientific than educational 
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in their techniques. He also indicated that educators 
tended to use psychological theories in research and thus 
CONtLIDULeG to asthe ifieldq wot spsychology, = not) education, 
Psychology and education are not synonymous since education 
encompasses content and teaching as well as the learning 
aspeces of psychology.) Since psychological mesearch styles 
have also been copied from science, the scientific method 
with its extensive use of statistics in drawing conclusions 
may be inappropriate. The research often becomes too data 
oriented and sometimes appears to lose touch with the basic 
questions being asked. Lowrey felt that many alternative 
research methods, such as those used in literature, fine 
arts and aesthetics, remain untapped. Tngetact, wi Lowkey 
Suggestedsithnataresearchaanasclence -educationms armamstage 
in its development where many frameworks for gathering 
information of educational importance should be welcomed 
as, "fresh research methodologies appropriate to the 
enterprise", This idea certainly appears to have 
considerable merit. 

By) 1982, qualitative evaluation was) becoming “an 
accepted addition to the methods of science education 
research. Rust.) (1.982) — Roberts s(1982) mand ssma th 601932) 
described the advantages’ of techniques based on 
ethnographic and anthropological paradigms as means of 
collecting wands interpreting qualitative, data. Aaa 
emphasize the importance of observing, talking to, and 


Participating with people in order to understand them and 
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their behaviour. Qualitative methods are not viewed as 
"the" method to be used in evaluation research but as a 
complementary tool which should provide a holistic picture 
of programs in science education. Field methods would 
include careful observation of the actions in real life 
Situations and in-depth interviewing. Video and audio 
taping would be useful to the researcher in recording 
details which could not be personally observed. Open-ended 
questioning without a prespecified questionnaire would tend 
to uncover more personal meanings held by the participants 
about a science program. Smith argued that if qualitative 
methods can lead to a description of a phenomenon in its 
context, traditional testing methods could then follow with 
even greater effectiveness. Roberts, however, warned of 
the problems in reporting investigations of a qualitative 
nature compared with those of quantitative research, which 
has had a long period of time in which to develop 
acceptable presentation techniques. Memeappears enact, 
despite the problems, the overall benefits to our 
understanding education situations is enhanced by this 
alternative paradigm. 

Although not swritten win wthe context of veducational 
evaluation, Aikenhead (1988) set the following scenario 
which clearly illustrates the need for viewing situations 
from a variety of perspectives: 

Maps Jare very “useful, @for) specific 
Purposes. Take the map of Saskatchewan 


for winstance. If one wanted to drive 
to Warman, Saskatchewan, a road map 
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might give the following information: 
its location, what highways lead to it, 
the category of highway, the presence 
OF campsites, the approximate 
population, and the presence or absence 
of an international airport. Some maps 
could furnish information on the soil 
conditions, types of vegetation found 
near the town, and elevation above sea 
level. 


However, with all the data available 

from maps, one would have no _ idea: 

what Warman looks like, what the real 

estate conditions are, what a proposed 

uranium refinery did to split the town 

Into wlractions. 

LES sone? Siseeinterested™ tin = the “real 

Warman, there is no substitute for 

being there. But if one is satisfied 

with a schematic representation, maps 

are useful. Maps are representations 

oc reality, with much of “reality «lett 

out. 
To determine the realities of either a town in Saskatchewan 
Onl eae sbiologyclass Gn ay Senior, highwischool,, srequires 
interaction jwrth sthe sactors in theirs real world. Since 
information on meanings, values and the worth of laboratory 
experiences was the purpose of my research, a qualitative 
rather than a quantitative approach seemed more capable of 
producing Significant information. Qualitative 
investigations, though still few in number in science 
education, have now been generally accepted as an effective 
alternative evaluation approach, particularly if used to 


complement research findings from quantitative 


investigations. 
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An interpretative Evaluation Approach 


To help in determining a qualitative methodology for 
nSe grin amy sstudy, “lL eturned Veo fthe work) of Aoki, Werner, 
Wilson and Rothe. They had developed and used qualitative 
evaluations with some success during the examination of 
social studies programs. It appeared that their techniques 
might prove useful in my own endeavour. 

im yl97S, Aoki, ) describing “ther status sot ceducation 
research in social studies, suggested that researchers can 
fit into a tri-paradigmatic framework based on the work of 
Habermas and van Manen. These three approaches, 
empirical-analytic, situational interpretative and critical 
theoretic. could ~~ provide Salternative™ viewpoints in 
curriculum research and evaluation. Empirical-analytic 
orientation equates with the scientific/technical paradigm; 
Situation-interpretative orientation is evaluated in terms 
of the meanings people give to situations; critical 
theoretic orientation stresses reflection that arrives at 
hidden root assumptions in order to improve humanness and 
the human/social condition. The combination of the three 
research areas would provide a more adequate overall view 
of the evaluation problem. No one method is by itself 
sufficient for a comprehensive evaluation. Aoki indicated 
that this tri-paradigmatic model provides alternate avenues 
Eor research, curriculum “development ‘and ‘curriculum 
evaluation. Werner (1978) used this tri-paradigm research 


model to fit the problem of educational evaluation based on 
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the frame of reference or perspective of the evaluator. 
His model of general sense-making activities is outlined in 
Figure 1, and was developed during the evaluation of three 
social estudies programs from 1975 tom 1977, 1n Alberta “and 
British Columbia. 

Ends-means (seeking to achieve prespecified ends) uses 
the =scientitiic/technical paradigm as its main “evaluation 
Ecos. Werner perceived problems in that the evaluation 
method may in fact shape the aims of the evaluation. The 
problem fits the research design and considerable 
Significant information may be lost. What the evaluator 
sees is often restricted by the tools at hand. AS a 
result, the data collected may in the end have little to do 
with the real life or social situation they are attempting 
to describe. Rather than abandon this methodology, Werner 
Suggested that situational sense-making and critical 
sense-making evaluations be added to the evaluation 
repertoire. 

Situational interpretations attempt to uncover the 
relevance and meaning a program has for those involved. 
The evaluator interprets questions asked of the 
participants which attempt to extract personal meaning and 
the level of relevance the program produced. Each 
participant, whether student, teacher or evaluator, brings 
his own expertise and knowledge to the program and is 
required to offer his own interpretations and experiences 


asia)  Fesuit Gof “participating. The evaluator attempts 
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theeertore, we to DringePoOuteroyesrd!sccUsSTOn stne™ various 
PNEeKoretetlons yer ulcisms wands opi nionsmon “worth. by the 
PDaroretipants. The Fesuluy ~shouldy be common-sense 
Gescwiptionsrwof the eprognam, Uniques tow Jeachs person 
involved. 

Critical interpretation attempts to make explicit the 
beliefs, descriptions and intents underlying a program; 
thats S,ethestoundatdonsmot the program. Often these are 
hidden and require questions on the part of the evaluator 


which probe and uncover fundamental views which include 


"presupposed standards, logics, images of man and the 


future, assumptions about knowledge, criteria of what is 
worth pursuing, root metaphors and perspectives". Its aims 
are’ broad, ranging from self reflection by educators and 
the implications of these beliefs and interests, providing, 
thereby, a basis for reorientation and change. 

Both situational-interpretative and critical theoretic 
orientations are referred to as emic-evaluations (Wilson 
1978) as they express information in terms of the insider 
interrnelationships swith «the socially world sand™ other 
individuals. Experiences are defined and interpreted by 
pensenscs inssthelr Gdallyswite activ ueles. EMber rehers ) tora 
point of view originating from within a group and expresses 
beliefs values’ “and scustoms of “ther groups funder study. 
Wilson used the term “etic" to refer to an evaluation 
framework external to the Situation being examined and 


normally using a quantitative methodology. 
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The Use of Emic-Evaluation in Education Research 

Two extensive studies have been conducted in western 
Canada in which situational-interpretative evaluation as an 
evaluation strategy was examined Enom a 
theoretical/philosophical point of view and subsequent 
evaluation techniques developed in order to complement the 
normal evaluation paradigm. Wilson (1976) described an 
emic-evaluation inquiry approach which assumes’ that 
individual experience provides worthwhile knowledge for 
Program evaluation. Rather than adopt an outsider's 
concern for efficiency (normative evaluation) the "actor's" 
concernm® for iquality sof @iibeiei sm the = value by Gwhich 
individuals give meaning to the various activities in 
which, as humans, they are involved. They emre point. of 
view must therefore be discovered. Wilson used participant 
observation and interviewing as methods for obtaining 
descriptions of daily activities and used them in an 
evaluations of — optional units Sinway, school” program. 
Classroom improvement was seen in terms of the 
meaningfulness ascribed to the program's activities. The 
everyday world was considered the main reality giving 
meaning to classroom activities. Wilson recommended that 
not only further energy be directed toward evaluation 
investigation but that decision-making aspects) of 
educational evaluation be studied in terms of practical 


knowledge. Emic understanding is aided by the procedures 
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of ethnomethodology. Activities in a program should be 
developed to provide opportunities for teachers and 
students as individuals to create their own meanings from 
objective curricular materials. Formative evaluation 
Should be shifted from precise objectives to the 
occurrences of classroom activities. The units evaluated 
indicated that the intention of the individuals involved, 
rather than the goals, objectives and teaching strategies 
of the unit, wasS paramount. 

Rothe (1979) used a situational-interpretative 
approach in the evaluation of a social studies program in 
British Columbia. Along with an extensive discussion of 
alternative evaluation methods and the theory behind 
Situational procedures, he designed an evaluation method 
based on existential phenomenology and ethnographic 
research. The underlying assumptions are that the 
participants in a situation (students and teachers in an 
educational setting) interact with the program and each 
other, This interaction affects their overall 
interpretation of the values or worth of the experience in 
unique individual ways. Their meanings can be described 
following techniques such as interviewing those involved, 
then interpreting and describing these conversations. The 
interpretations were based on a model consisting of four 
areas of being or meaning developed by Rothe and are 
SutLLINneds ier TouUre s2. 


This framework, designed following his investigations 
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into existential phenomenology, was developed to note 
differences in meaning that both students and teachers gave 
to the educational situation in which they were involved, 
as indicated =by theirs responses -to | questioning and 
discussions during interviews. 

Rothe stressed the areas are not static but interlock 
with each other; meanings may change as situations change. 
As transcendence is approached each area subsumes the other 


area of being. Rothe (1978) defined the areas of being: 


a) Passive Area of Being. This area is 


Farthest from a person's inner being. 
In this instance a person becomes an 
object For.| another © person: An 
individual views his relationship with 
others Myymterns eOfe, Datternns: wo. 
dominance by avoiding the recognition 
thateenessis?) the creator “of this town 


values. Instead, one perceives 
"values' as given in the things and 
INS GUVeUt1 ons Ol the mesa tiation. A 


person is not, therefore, the source or 
creator of his own choices, but finds 
his meanings outside his inner being. 


b) Immediate Area of Being. In this area 


a person is only concerned about 
instants of new pleasure and new 
experience to fight off boredom. Only 
the present is of paramount importance. 
The person takes no responsibility for 
the choice made. Themsperson  is* only 
concerned about his personal 
pleasurable, satisfying moment. 


c) Responsible Area of Being. This area 


is closer to the centre of a person's 


inner being. A person makes choices 
and assumes full responsibility for 
them. A person takes seriously the 
responsibility of decisiveness ‘and 
self-determination. He makes his 


choices with concern for other people's 
welfare since he realizes other people 
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aremattected by his decistons. 


dy) Set ranscendenthArease le Being. This area 


is nearest to a person's sense of inner 

being. A person experiences an 

intensified expression of the visible 

world. He bases his choices on 

intuitive and spiritual grounds rather 

than strictly empirical ones. He 

prizes such quantities as harmony with 

his “fellow man, social qustice and 

religious ideals. 
The results of his work were combined with other evaluation 
methods in order to give as wide an evaluation as possible 
and. a more holistic description of the “school” situation 
under investigation. 

Interviews were conducted in small groups and selected 
open ended questions were asked of the participants. The 
discussions were recorded, transcribed, and interpreted in 
common sense language then returned to the participants for 
verification and/or alterations if necessary. The meanings 
that both student and teachers gave the program were then 
analyzed in terms of the four "Areas of Being". 

Among his recommendations, Rothe suggested that the 
interpretive evaluation paradigm be used to reveal the 
common-sense interpretation both teachers and students give 
to a program. These uncovered meanings may indicate 
possible reasons for classroom interactions. He also 
suggested that interpretations should also be returned to 
teachers and students in order for them to reflect and 
possibly act upon their meanings and thus create 


opportunities for classroom change. 


It appeared that a methodology involving a situational 
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interpretative evaluation of the snow ecology unit, using 
observation and participant interviewing, would be a 


Satisfactory approach to take. 
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CHAPTER 4 


THE DEVELOPMENT OF THE WINTER ECOLOGY UNIT 


Introductory Comments 


MypSinterest in ’snowe:as an secological “factor of 
considerable importance was the result of a problem which 
arose during the implementation of a revised program of 
studies in biological technology in the Province of Quebec. 
My position at the time (1974) was Coordinator (Department 
Head) of Natural Science Technology at Vanier College 
(CEGEP) in Montreal. The Quebec Department of Education 
had, among a number of changes in this three year post 
secondary diploma program, reshuffled the sequence of some 
second year courses, including one in ecology and field 
techniques. The course was Scheduled to run from mid 
January to mid May, in other words, through the winter 
season. Untortunately, contemporary ecologicalmtield 
studies seemed designed only for summer conditions. 

My initial reaction was, I am afraid, quite typical of 
most of the biology instructors with whom I was familiar. 
Field work was considered an activity of any season except 
Winter although, during my teaching at the elementary, 
Secondary and post-secondary levels, student reaction to 
lab work and field studies had always resulted in what 
appeared to be a more positive attitude to biological 


science. Discussions with many colleagues during Biology 
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Teachers' Association meetings had reinforced this belief. 
Therefore, to develop an ecology program without student 
field and lab experiences appeared to negate much of its 
value. Fortunately, the instructor assigned to the course 
was familiar with a unique winter boreal ecology program 
developed at the University of Manitoba by Dr. W. O. 
PruLtt,, Ure, ane outstanding: boreal, ecologist. Information 
on winter ecology techniques was obtained and some possible 
winter field activities were prepared. Two considerably 
Successful field sessions, each of three days duration, 
were held during February and March of 1975. These were 
met with unusual enthusiasm by the students (age range 17 
to 24). Life was discovered to be anything but dormant and 
the adaptative ability of organisms surviving severe winter 
conditions was underlined. Winter studies now appeared not 
only quite feasible, but their general neglect, considering 
the climate of Canada, was an aspect of biological science 
in our schools which seemed no longer tolerable. When I 
made my decision to do research in science education it 
therefore seemed desirable to include field work and snow 
Scologyeas tne Mager basis Of mye study. 

As a preliminary step it was necessary to determine 
Ehe exrvent. toewwhich shescurniculum) for high school biology 
in Alberta emphasized laboratory and field work in its 
program. The Alberta Department of Education Curriculum 
Guide for secondary school biology (Alberta Education 1976) 


lists among others, four key aims for biology education: 
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1. To enable the student to familiarize himself with his 
immediate “bijo logical world, and Sto grealiazer the 
importance of the interdependence of living organisms 
and the part man plays in this scheme. 


2. romaevelopm the <abilityimofeea EStudent ito carry out 
successful independent study and learning. 


3. To develop sound procedures for biological field and 
indoor laboratory study. 


4. To develop an understanding of and an appreciation 
for the methods used by scientists; the means and 
conditions under which science advances; the role of 
biologists; the importance of accurate and accessible 
records, and free communication. 
Implicit in the objectives is the use of the laboratory, 
both indoor and outdoor. 

TE outdoor ELield work is to be, a major ‘activity the 
conditions under which it is held become significant. An 
investigation of general climatological conditions during 


the Canadian school year is quite revealing. They are 


dominated by one particular season, winter. 


Winter as an Environmental Factor 

Winter is an integral part of the Canadian environment 
and one of the basic limiting factor on organisms in this 
COUNERY Its impact has even defined the school year as 
typically September through June in all but a very few 
educational institutions. 

An examination of weather records reveals the extent 
to which the winter season is superimposed on the school 
year. Snow cover maps of Canada (Potter 1965) indicate 


median dates of first and last snowfalls and duration of 
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the snow cover. Converting the data to mean values for the 
Edmonton region, for example, one can expect snow cover to 
Paster rom October 31 eunull Apral 29 =Thererore snows. on 
the ground for more than 508% of the school year. A 
comparison of temperature and precipitation data based on 
records of a thirty year period from 1931 to 19690 further 
emphasizes the extent to which we are living in a cold 
weather climate (Table 1). In the Edmonton area, Somewhat 
representative of Alberta (except the southwest chinook 
belt), the addition of freezing dates to those of Snow 
cover extend winter-like conditions to about 84% of the 
academic year. Such conditions are not confined to the 
Edmonton area. They range from about 66% of the academic 
year in Montreal to over 95% in Thunder Bay. 

Snow has always been such an important factor in the 
lives of northern groups of natives that they developed a 
language to describe the specific physical properties it 
exhibits’ atwany “time. a vocabulary lacking “in ther English 
fanguage S(Pruitt 19593" 1970) As a result, Pruitt has 
incorporated a number of expressions from the language of 
the Kobuk Valley Inuit in Alaska in the terminology of 
Winter ecology in North America (Table 2). 

From the biological point of view, winter and snow 
dominate the Canadian scene. Snows is) havepant, ) of sthe 
hydrologic cycle, serving aS a reservoir in the winter and 
a water source in spring and summer. Glaciers reflect a 


Similar but more long term effect. Snow and temperature 
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extpremese Dilay sar.Critical role “in the survival "of plants 
and, “Ins particulanm, animals. The sciassical work vto£ 
Formosov S(1246)- an GRussias hasseheavily sintluenced sréecent 
Studies in the northern or boreal regions. He considers 
snow cover to have such a substantial effect on the lives 
ef plants and animals that it must be considered as a 
Separate factor from climate. He has also devised a 
Special nomenclature for the relationship between animals 
and snow conditions. Chionophobes are unable to adjust to 
snow Gonditions (many eye our "summer" birds): 
Chioneuphores, such as voles (Clethrionomys Sp.), shrews 
(Sorex sp.) and moose (Alces alces), can Bev ye in snow 
regions», Chionophites  asuchias) icamibougs(Rangiter starandus) 
and the snowshoe hare (Lepus americanus), possess special 
adaptations for snow and are limited completely or almost 
completely to snow regions (Formozov 1946). Due to the 
insulation properties of snow, many of our small mammals 
with poor surface area-volume ratios are able to survive in 
a subnivian (under snow) environment, and remain active all 
winter long. Since small mammals are the food source for a 
number of predators, these predators are able to survive 
under conditions which would otherwise be impossible. 
Because pet ihe Winsutlationr effect mio e snow —als Sidirectly 
proportional to its depth and density (Blsner and Pruitt 
5959) 7s Vee Bevatryand “Snow mcondtEtons , ssuchimaass: total 
accumulations, drifting, melting, whether in open areas or 


forest, determine the extent to which a population of 
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organisms can survive. 

Snow also has an impact on plant life, much of which 
is also protected by insulation. Large) splants, “such, as 
trees, with ‘an ‘accumulation of ~snow (qali) on branches 
and/or leaves may become seriously damaged or even die 
(GIIVeL9 74). This is believed responsible in part for 
Succession patterns in the boreal forest (Pruitt 1958; 
19703-1975), which “comprises ‘the greater part of the 
forested area of Canada (Rowe 1972). The moderate 
subnivean temperatures protect the roots and stems of low 
growing perennials and biennials. Snow may be required to 
activate many seeds. 

Because Canada is a northern country the tremendous 
impact of winter on our organisms places us in a unique 
environment shared by few other countries. Yetyyieto quote 
Pruitt (1975), “In the literature of the sciences that 
ought to be concerned, there is little to suggest that snow 
is a major element in the environment of life". An 
investigation of some of the basic general biology and 
ecology texts used in high schools and colleges reveals a 
dearth of information on northern ecosystems. This 1s 
probablysedue mts MrhnemAMericanmcori gino  wmcst )bextual 
publications in North America where, other than in Alaska, 
the direct effects of winter are not normally of major 
Concern in the more populated areas. Examination of a 
number of recognized ecological reference books including 


Oosting (1956), Benton and Werner (1958), Odum (1971), 
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Colinvau~x CLO ar, Smith (9574), Whittaker C9752) 4 
Richardson (1977), Maxwell (1988) and Remmest (19890), 
reveals that "winter" and "snow" are rarely mentioned. 
Peawouldsethus Piel lowssthat Canadians high esichcoel 
Diboliogy curricula, Seveavidives oniilwenced = by resear chy, 
development and texts from south of the border should also 
retleetrytthis  lackiwot femphasis on) ther limiting “actors «of 
winter and the adaptations of organisms to Canadian 
climatic extremes, regardless of their otherwise high 
quality. An investigation of the texts produced in the 
United States and recommended for the ecologically-oriented 
Biology 28 program in Alberta (Table 3), substantiates this 
belief. 
ingea monograph sconcerning ebro logy meducation: in 
American schools, Paul Dehart Hurd (1981) commented on 
teacher resource materials in secondary School biology 
courses. 
The, basic ilassroom instructional resource vis 
thes textbook. lt ws the “answer place" for 
teacher questions, almost all of which come 
from the text and concern terminology and 
definition. More than 9@ percent of 12,000 
science teachers surveyed said that texts were 
thestheartwiot ‘theiy teaching 90 tor 95 ‘percent 
of the time. The textbook is both the medium 
and the message, and most teachers do not 
stray tar from its organization “and ‘subject 
Matter. 
Since both teachers and students rely so heavily on 
texts which largely ignore the season, the chance of winter 


ecology being a component of our biology program appears 


limited. 
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Trewiak (19:73) Sstatesmethat altnough a winter “is 
exelusive to the school! year, Little use is madesofvit and 
that Eield™ studies are “confined “to the®’’spring and fall. 
Other than a natural reluctance to face the cold, a lack of 
information on Snow and winter ecology is probably one of 
the prime factors resulting in the above. The impressive 
growth and renewed interest in outdoor activities in 
winter, such as skiing, Snowshoeing and backpacking, 
indicates a growing enthusiasm towards coexistance with our 
climate. There is a distinct need for research and 
development into this “area of study. “Biology curricula in 
this country definitely require an orientation toward our 
own unique conditions. Too many decisions affecting the 
future of Canada require its citizens to have at least a 


layman's knowlege of boreal conditions. 


Research on Field Studies and Winter Ecology 


An examination of the literature on Snow and its 
eLEGCCES on “Organisms quickly revealed a “paucity o£ 
information available on the ecology of winter in a form 
usable at the high school level. AVmajon aim “ot (the 
research thus became an attempt to develop, then evaluate, 
asertes ofp individual student iwwinter ecology projects for 
use in =the Senior high ‘school biology program. Ecological 
Principles wene a major part of the Biology 20 program and 
the required individual student research project appeared 


to be a likely vehicle for snow ecology investigations. 
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A number of graduate studies had been conducted on the 
EODICSmOREDIOlOgY sprEo jects, mlaboratony, acuiv lites! Vand ithe 
use of Live “animals Sin’ the Alberta’ school context. These 
wetes examinedealn Vorderestorsprovide =iinsighne, Imtomithne 
laboratory type of experience so that any development of a 
winter ecology project could reflect the needs and 


expectations of both students and teachers. 


Jacknicketr(1963)) "found psthat Slack Tot “knowledgereoE£ - 


available species resulted in a minimum use of local 
freshwater organisms, even though teachers recognized the 
motivation value of the immediate environment. 

Dyke (1978) noted the motivational value of live 
animals in grade eight sciences but at the same time a lack 
of teacher “familiarity “with “the “source” and”  handiling of 
feral mammals. 

Andewson §(1972)8 examined ther uses of sprojects =n 
secondary school biology. A major problem, particularly in 
rural areas, was a lack of reference materials. Teachers 
reported increased enthusiasm among student project 
participants. A list of project topics in use revealed 178 
Separate investigations of which 22 were specifically 
ecological but only sixteen were definitely of an outdoor 
nature. Winter projects were not mentioned. 

Damroch 461972) .extaminedwaehescextenteeto which: the 
project selected by Biology 30 students reflected the 
Maberralein Unit. fi, “Current @Biclogy Problems. His study 


revealed that many teachers were unfamiliar with related 
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project topics. Approximately 93% of the projects did not 
involve the laboratory. He suggested that there was a 
distinct need for teachers to become more familiar with the 
local environment, and that resource materials, including 
field trip ideas, seemed necessary. 

Paeukavan (97.3) ) oad Ebert mea nVies tiga Gihongyso cee. te 
secondagy ~school science cunriculal biology component, 
identified where ecology projects would be most suitable. 
Following a survey of teachers of grades seven, ten, 
eleven, and twelve, a distinct demand was felt for 
assistance in designing ecological projects. He noted that 
teachers preferred small groups or individual projects and 
preferred to run them in autumn and spring rather than in 
winter. Among his recommendations, the development and 
dissemination of materials relevant to ecology projects had 
high priority. Suggestions for winter use were given, most 
involving indoor laboratory studies. 

Franz (1974) developed a series of projects on the use 
of insects ins behaviour studies for = teaching in ‘south= 
western Alberta. He found an inefficient use being made of 
bocake conganisms, “ands ithatyy projects guides, )providing 
assistance to teacher and student alike, were definitely 
required. A feeling among biology teachers for the value 
of projects in the development of process skills and 
science attitudes, especially by the provision for active 
involvement and individualized instruction, “was clearly 


Stated. 
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General conclusions to be drawn from these six studies 
sugges: 

eee PEojvects, 1m somes forms ane In use in a majority “of 
biology programs. 

2. Teachers generally are not aware of the wealth of 
material available, particularly at the local level. 

3. Teachers desire support materials and suggestions for 
ecology projects. 

4. Teachers consider projects to be of benefit both from 
the process skill development point of view and the 
motivational power attributed to working with living 
things. 

A further literature search revealed that a limited number 
of winter ecology studies had been attempted or researched. 

Bullington (1959) organized a winter field experience 
CouLSeaREoYr prospective ‘high schools ybiclogy teachers) .at 
Norpehern TPPVvinois? University. Promnign school texts ehe 
Students prepared lists of subject matter activities which 
could be taught in the winter. The group spent three days 
in the field testing their ideas, with some considerable 
Success. However, Snow was not a factor in the studies nor 
Waseelt “ons the siground “at thes time of the winter camp. 
Murphy C1 95/ Oo ON Ue) Suggested a number of winter 
activities, some of which involve snow. Few details were 
provided and no evaluation was attempted. Tre tive Ke 973.) 
Prepared a handbook for the Manitoba Department of 


Education which described the effects of winter on 
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organisms. Tretiak suggested a number of activities which 
could be incorporated into the school science curriculum to 
illustrate some of these effects. 

Phillips and Watson (1976; 1977) described a snow 
ecology unit and activities they devised and presently 
teach at the grade ten level in Winnipeg, Manitoba. A 
number of projects are currently in use and are reported to 
be quite effective although no formal evaluation has taken 
place. High student enthusiasm was noted at all times. 
Collins (1976) developed a winter ecology module for the 
Grade 5 and 6 levels in Newfoundland schools. Although a 
number of activities were suggested, few involved the 
outdoors and most of the material was of a classroom 
nature. There was a positive reception of the unit by both 
teachers and students, particularly due to its emphasis on 
Canadian and local organisms and environmental conditions. 
Picker (1988) developed a series of ten secondary level 
winter ecology experiments designed around the 1973 
B.S.C.S. Green Version ecology conceptual scheme. Several 
laboratory and field techniques were integrated into the 
activities. The effectiveness of the program was evaluated 
by empirical methods. The) prog Lanse can Erom January 1 to 
March 15, 1978 in five New England separate schools. Sik 
teachers and more than 280 students were involved. Data 
analysis showed significant cognitive gains (p<9.9001), 
Slgnitacant . positive: calns)® “ine sattl tude toward “tthe 


environment (p <@.9001) and increased involvement with the 
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winter environment. The conelusion reached strongly 
indicated that the units were teachable, inexpensive, 
nonsexist™ and” successful “in” involving students. Student 


enthusiasm appeared to increase during the program. 


Developing the Snow Ecology Unie 


Wren *the structure: of "the® Alberta "biology curriculum 
was considered along -with the apparent use of the 
laboratory by Alberta teachers an opportunity became 
evident for the development, implementation and evaluation 
Siar snow -ecologdy “unit. The Biology 28 program was 
particularly suited to this purpose since it was ecological 
in theme and required a mandatory student ecology project. 
Teachers definitely considered that projects were of 
benefit to the "students "but “wequested™= project topic 
Suggestions and support materials. Many were also unaware 
Cie. the wealth of “localmmatertals, “ands Sites ) for 
investigation. A snow ecology unit designed to meet these 
needs appeared to be a worthwhile undertaking. 

Preliminary work began on the preparation of a series 
of individual snow ecology investigations. The intent was 
to "reduce =*thee™= concerns of teachers “for field work by 
providing them with modules which could be easily handled 
by the students and would require little previous 
background on the teacher's part. Potential topics were 
selected by a further review of research articles in boreal 


ecology and the few activities which had been used 
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successtully in) scheol “settings. Each module was to 
CONS MSEN OFS anpSequencemor Investigations which would 
illustrate basic winter ecology principles, the emphasis 
being on Snow as an insulating material. Fifteen specific 
investigations were outlined. Of the potential topics, six 
were selected for further development as they appeared to 
be workable in the variety of environmental situations, 
beth urban sand ural. 

According to Allen (1971), long term projects may lend 
Gontinuity, to» laboratory studies and cast students an the 
role "oOnRebDlologists:.: THe sdiscussion of iwesults during) and 
after the study permits comparison of results, the 
identification of still unanswered questions, suggestions 
EOMeEUPENeCEaStuUdy —and softenmthesrormulation of basic aplans 
for extended work. Furthermore, Allen suggests that a 
Vabornatony acbivity should) include: 

1. An attempt to create an atmosphere of research and 
discovery. 

2. Involve research reading. 

Se ShIlUStrAte ;aWhehouk Supplying “answers, the basic 
biological principles involved. 

4. Require the data collected by students be viewed by 
all students. 

5. Require. a written record of the work, following an 
acceptable format. 

As mentioned earlier in this chapter, Franz (1974) had 


developed a series of student projects which investigated 
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insect behaviour. He based these investigations on the 
following major objectives: 
1. The development of deeper understanding of an 
appreciation for Living organisms. 
22 The: development of skills™in “scientific thinking and 
problem solving. 
3. An encoUllragement of the» attitudes of curiosity and 
enquiry. 
A PLovision) eror se tehe practice in the methods of 

Scientific research and proper scientific reporting. 

Sy Lhe proviston of content  thate is of) special “interest 
and relevance to the student. 

As a-result oft his investigation Franz noted that both 
teachers and students required assistance in obtaining 
Suggestions for experiments, background information on each 
topic and help in the organization of the lab investiga- 
bions- Self contained investigations appeared to be 
effective. His tinal“ lab design “included the following 
major headings: 

Theory (background) 

Materials 

Procedures 

Interpretations (questions for discussion) 

Extended exercises (for further study) 

He stressed that the topics to be investigated should be 
within the capabilities of the students and within the 


resounces) of gtie "School. He) fotind that students could 
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construct simple but effective home-made equipment to 
reduce costs. 

Kennedy (1977) recommended the same basic laboratory 
design and stressed accurate recording and discussion of 
data, within the students' own lab groups as well as 
between other members in the class. The excitement of a 
successful investigation appeared to be highly desired by 
Students. 

time Biroleqical’ Seience Curriculum Studies organization 
in the United States developed one of their programs around 
laboratory investigations. The? sB.5.c.0. Black “version, 
which emphasizes laboratory-oriented inquiries, attempts to 
uUtllVzZe previous biological, experience, involves the 
MeChodsSe=s OfseSCTENtlG1c™ Study =e and Instructs | in Ways oF 
handling= data and in using Ssclentiliic Aaiterature. 

Baker and Allen (1971) note the basic "pattern of 
deductive “logic’ an “every "scientific experiment ox, 
observation" and that there should be a continued stress on 
this pattern to the students. The prediction of possible 
results based on some hypothesis is a major aspect of the 
scientific approach and the predictions are tested by 
experimentation. In an inquiry-oriented investigation the 
Student is exposed to Che spatvern sof logic but 1s) not 
actually being a research scientist. They consider that a 
large “collection of data is)of limited value unless it is 
arranged in some way to show important relationships. 


Tables and graphs aid in data analysis. 
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An examination of the laboratory manuals used in high 
school biology revealed a standard design, consistent with 
the traditional approach to which most science teachers, 
including myself, have been exposed in university science 
courses. These main headings are variations of those used 
by Franz. Additionally, contact with many of my colleagues 
in both Canada and the United States provided some design 
aspecese iwhich® [ Vattempted © to Sincorporate “into my “snow 
ecology “investigations. These included a desire for 
descriptions of possible activities which would extend for 
more than a class period, a time line for their completion, 
materials required, marking sSheetS and student reports 
requiring the use of graphs and tables. It should be noted 
that the previous examples, and especially the notion of 
reporting, is based on a re-constructed logic and that it 
is asking students to think in a particular way. 

Using these observations on laboratory activities plus 
the experience gained as a classroom teacher, preliminary 
drafts of some snow projectS were prepared during the 
summer sof Vl977 < 

Projects require time to complete and classroom time 
vs Limited. To overcome this problem and make the uSe of 
the snow projects more desirable, they were organized so 
Chat’ the “student “could run them s1f necessary at ynome eon 
his/her. owns ime. Since most steachers Have dsr le 
background in the use of the local environment in biology 


teaching, the projects required a minimum of teacher 
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preparation and participation but provided them with key 
informationeon. the tepics. However, before beginning the 
projects, teachers were to be presented with articles and 
DOOKS Brom snow ecology = tos provider them with» sufficient 
background information to advise students and evaluate 
their work. The projects were written in the traditional 
laboratory style, a form most familiar to science teachers. 
The purpose(s) of the particular activity was (were) 
Stalled ama eametnodaso fm ctudvyvesdescribed = Inotructlons . on 
recording the data collected (results) and questions posed 
to aid the student in examining, analyzing and discussing 
Chat odata. Because the projects were designed for 
individual student use, considerable background material 
was included. A separate booklet waS prepared with a 
glossary ocflesnow ecology “terms, sinstructicons on “data 
recording techniques, qraphs, ther construction and use of 
equipment unique to snow ecology field work, required 
mathematical calculations and other items of potential use 
to the student. All students were expected to complete two 
core activities, then select one further activity based on 
personal interest and the local environment. The purpose 
of the core projects was to introduce the student to snow 
measurement techniques which would establish some basic 
Principles Scoteethe abiotic. eCfrects wolfe snow. They were 
designed as guided enquiry activities in that there was no 
indicatton given of the: possible results of their work. 
The students were also asked to predict the possible 


results of their investigation before commencing. The 
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principles established would be the basis of the subsequent 


Pn WVie'S a. acon « The core activity and the additional 


project topicssare. listed ini Table 4, 


Brief outlines were prepared on other topics students 


could pursue, if interested, and are listed below. 
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Themebrect of 9 temperature ongned squirrel activity. 
The influence of the qamaniq on the distribution of 
small subnivean mammals. 

Thee effect sof slop yaspect .on the distribution of 
small subnivean mammals. 

Grouse snow burrows. 

The impact of overwintering on the size of a small 
mammal population. 

The effect of winter on bud development in plants. 
The effect of snowmobiles, Snowshoe and cross country 
ski trails on the pukak layers. 

The influence of "edge" on small mammal distribution 
in winter. 

The habitat of subnivean mammals in winter. 

The relationship between the surface activity of 
small mammals and snow depth. 

The effect of microtopography on the distribution of 
small subnivean mammals. 

The preparation of a reference collection of small 
mammal scats. 

The effect of quali on vegetation. 


All projects were developed from the available 
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literature on snow ecology and tested to see if they were 
possible with a minimum of sophisticated procedures and 
expensive equipment. Test locations were in the city (my 
back Gyard)> and *on a farm South of Bdmonton. Homemade 
measuring devices were utilized where practical. Although 
all the projects proved possible, many, especially those in 
the second group, were not practical for most biology 
classes unless they were conducted ina rural situation. 
After returning to full time teaching of biology in 
Lov 7 shad Sethe BO ppor tunity .oPemcestang @theminies yin, the 
classroom situation on a limited basis. Since I was 
instructing Biology 19, a few students elected to use snow 
Unttseeas pant, of) stheinm required sproject. The students 
appeared eto nave sno emagjgor ditfticultiess carrying “outs the 
wouke and @were quick).to point out areassof difficulty. This 
permitted further revision of the projects and preparation 
for formal field testing. More extensive field tests of 
mostwot Tthesbasictprojects occurred during "thes winters of 
1978 and 1979. Conditions were abnormal. Little snow fell 
and temperatures were above average. Nevertheless, enough 
information was obtained from both personal observation and 
student comments to judge the practicability of the core 
projects, and most tof “the basice#optional® units. Students 
readily described some of the difficulties encountered with 
chew eund cs. These included the reading level of the 
Matertals) sorganization Vand) ssequence “of eindividual 


investigations, equipment use and comprehending 
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INSEGUCGtTLONS. Ony both = procedures) and data analysis: With 
revision the units seemed feasible as the basis of the 
Individual sproject sportionvotsthne Biclogy 20 program. 

The development and revision of the projects was time 
Sonsuming: and) often . frustrating. The siNStEruciions Lor, 
Simple activity which appeared clear to the writer had 
SEGen eg proveds-conftusings tom the sstudents, during, fiedd 
testing. Since a asec in weather could affect the 
results obtained, either provisions had to be made to allow 
for the unexpected or the activity dropped entirely. The 
many suggestions made by students and teachers eventually 
Fede ito:masireasonablies final Soroduct. Thcoughowt gache 
development, however, one thing became quite clear. The 
acelvivtvesied1de jwouk® sands both wteachers and pstudents 
expressed considerable satisfaction with them. 

The next consideration was the manner of evaluating 
the effectiveness of snow ecology activities in the high 
school biology program. This posed a serious problem. 
Empirical research designs involving statistical analysis 
didnot seems appropriate for thesstype cf information 1 
wished to uncover. Since snew as an abiotic factor in 
biology programs was rarely mentioned, pre- and 
post-testing the students on knowledge gained would reveal 
het thew It was decided that the thrust of the evaluation 
would be an attempt to reveal the meanings the snow unit 
had to the students and teachers, using emic-evaluation 


techniques. This) would “also provider antormaticn on, the 
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value of the laboratory experience to the participants and 
Eheretore, information on 1ts worth inva school situation. 

The method of study now identified, new problems 
arose. Since teacher participation was a necessary part of 
the evaluation process, the snow projects had to be 
redesigned into a classroom unit of short duration so that 
the interaction between students, teachers and the specific 
activities could be recorded. During 1988 the unit was 
reworked so that it would be completed in a two-week time 
span. 

The design of the final version also took into 
consideration two basic problems for the classes that would 
participate in the evaluation. The teachers would not be 
familiar with the topic yet they would be asked to give up 
two weeks of teaching time to run the unit. As well, 
because of semestering, the Biology 28 program was reduced 
Eom "tie srecommended 75.) NOuUrs, sto, 62.0 N0UrS, PDlacing 
additional pressure on both teachers and students. 
Simplifying the unit to cut back on teachers' preparation 
time and correcting load was necessary, resulting in the 
modification of some items. 

The final unit consisted of two student booklets 
(Appendix A), a teachers' guidebook (Appendix B), and a set 
Of data recording £orms “and” lab report sheets for (each 
Student (Appendix C). Allan (1979) had suggested fifteen 
Characteristics of a good Vaboratory investigation. These 


were used, in part, as a guide during the final revisions: 


43 


tnd em ae eer. mt 4 bel - re 
notenmsle Lamege. = AE ftw Fat Me 

evetaosg wag (Rebs apebl Sor eee 

$0 brag Yrenserte th ete dolseg tart te va 

ed a? RaQ Sidefos8, Wore ste yee on 
gan? ea motiews sift ic fiw rad tomes wd 
>sUicege et? Bis) 6 famsnet stcesg +e canna 
seg sian enc Vilas: galt: _eenpecay @ BINED se 
eniy S6e0 ows ». nile begeEgets sdchliyes a4 sae? <é 


4 


_ 
sgei = sie peseaee) femt) et: te qpteam oar: 
; ; e3 — 
siwsy fee? 7 *G4enl> GaTys eriafs< sq at6es wt ett 
: me = nest ort receipes oC? fi 
n pe« -§eAidS 29 ta ECR 3st [(nes ePa ashe oir 
7 oct: utiettaee Oe ssoow 
@é : 
tot ee A UL i, ot ei sage raen ta 
: i ged SH at aren Bh pabigbtthes add 
i 3 1s ‘oe Tie S re ospaiee ss sore 


@ - & 7®@ 


m %808ee<! la] td, pat 

609) 2654 (¢ o 7 ae Ca 168 Die @ik 
ors: Fa OF LP poeebares sey need pt pdtpane — 
*2@ee Fe we 


| Pec #4 


2 hit 


= ot 
64 224 1G eh tera teed ; Vie) ¥ = 


ca 

ser (2) bss ele i; Jeqq? t josdeh iJ bee 
- 

4 * = ad pear 

etes cl eorape* Cee: wae : 5 


4 


rer a a an agate: 
eae? ahavdan areerth4 | mang 
dhnnietves inal tai 

1 » LAA np bf 


10. 


Hes 


12% 


13% 


Does it involve a biological principle or concept? 
Does it involve a problem or situation concerning 
life? 

Does its study involve living specimens or a life 
Situation? 

Does it encompass the broad purposes and goals of the 
course? 

Dees Site allow the Mstudenty to “engage sine the 
investigation on his own? 

Does it allow for every student to be an active 
panei ci pant? 

Does it require a minimum of technical skill and 
material, in accordance with the student's reSources 
and maturity level? 

Does it allow student to employ scientific methods in 
the lab (careful observations, precise measurements 
collection and analysis of data)? 

Does it encourage students to form their own 
conclusions about the significance of the data and of 
the investigation? 

Does it have student interest and appeal? 

Does it have meaning and relevance to the student in 
terms of the topic under consideration? 

Does tiweallow torr the (orimary estudyeco goe (excended 
beyond the planned scope? 


DOoesmit have Unvedrityreassanyinvestigation in that it 
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poses a problem for solution that is not described in 
the textbook? 

LaeweeDoes ute phave ssimplicisty ofmedesign jihare omieus 
Students a reasonable assurance that they will 
succeed at discovery? 


15. Does it have order that proceeds according to a 


sequence that students can follow? 


The student activities were designed to be done in two 
Pants. Part one involved a "guided" enquiry approach to 
the importance of snow as an insulating material. Students 
were provided with isiituatirons, required to make 
predictions, thenorent (outs to collect data to «confirm “or 
reject their predictions. Experience had indicated that 
the vast majority of students were unfamiliar with the 
major concepts of snow ecology being investigated. 
Nevertheless, they were expected not only to collect data 
but to reveal some of these concepts by analysing their 
results. With the basics completed, part two involved 
students in reading original articles on snow ecology. An 
assignment followed the readings to ensure their thorough 
reading ~of ethésearticles, SlLaidurer to sread Sore tee read 
adequately) being an ongoing problem among students at all 
levels. A final outdoor activity required the students to 
investigate the environment of subnivean organisms while at 
the same time constructing a snow shelter, a practical 


application of the principles learned. 
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Recording sheets were developed to reduce preparatory 
time and simplify student data collection under what could 
bewrather di fiiculticonditions. Laboratory report sheets 
were also designed to focus the students' attention on 
methods of presenting data in a recognized format. 
Specific questions requiring basic data analysis leading to 
some type of conclusion was included. The students were 
expected to present their own individual reports and 
assignments although they may have worked as a member of a 
group. Pooled data were required for certain measurements 
and averages were to be calculated to compensate for 
experimental error. 

Equipment made by the students was also to be utilized 
to emphasize the effectiveness of simple apparatus in a 
laboratory situation. The outdoor investigations would 
also require teamwork, particularly under the conditions 
winter could provide. A wide variety of psychomotor and 
process skills were required. 

The teachers' guidebook listed the concepts to be 
developed during the unit. Also provided were time lines 
for the activities, suggestions for presenting each, a 
marking grid and a sample of possible answers to the 
questions asked the students as part of their data 
analysis. 

Although complete satisfaction with any project design 
is virtually impossible, the redesigned unit appeared ready 


for classroom trial. The final judgement on the worth of 
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Snow ecology and, in more general terms, the 


laboratory 


experience, waS now in the hands of the teachers and 


Students who would participate in the activites. 
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CHAPTER 5 
METHOD, OF -oTUDY, 

some Preliminary Considerations 

Ethnographic techniques attempt to gather data which 
describe social situations such as the classroom. This 
tyYpennof ssStudy) incorporates pantucipant.. observation, 
Interviewing) and sequalitative panalysis (to. gain an 
understanding of participant behaviour. Since the data are 
qualitative there is not available the prescribed formulae 
or precise statistical treatments of the qualitative 
techniques. Werner and Rothe (1988) emphasized the 


problems inherent in Situational interpretative studies. 


The procedures of ethnography are not 
as clearcut as are some other research 
approaches used for collecting and 
analyzing intormation. Fieldwork is 
Sometimes "messy" in appearance because 
methods may have to be defined and 
changed in situ. Fitting into the time 
schedules of other people, and being 
dependent upon good relations with them 
for entry and acceptance, require 
Patience on the part of the researcher. 
Willingness to listen, openness to 
frequent change, ability to try various 
methodological avenues, and 
interpersonal skills are a part of the 
ethnographer's toolbox as they are for 
any researcher in the social sciences. 


They also defined the task of the evaluator as 
uncovering the relevance and meaning which a program has 
Cor sthes tadividuals ~anvoived. Taisenote only involves 


students and teachers but includes administrators and 
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parents. Evaluators, by asking questions, interpret the 
common-sense meaning the actors make of a program, their 
. perceptions, viewpoints, the relevance of the program for 
them and whether it is appropriate to their school 
Situation. As a result any program has as many personal 
definitions and relevances as there are teachers and 
SEudenESmipareLcipating in lt. Depending on the specific 
Situation and the evaluation's purpose, the methods of 
defining and collecting information will vary in order to 
uncover and describe the interpretations, criticisms and 
standards of worth brought to the program by the actors 
within it. 

GeorgerPsathas (1973) (suggested three “tests for 
ethnographic validity: 
ated) Ane: the findings: farthtul sand econsistent. with the 

experiences of those who live in the situation? 

b) Are the findings Paden hu representations, 
descriptions, accounts, or interpretations of what 
those who ordinarily live those activities would 
themselves recognize to be true? 

c) If second order constructS were translated into 
first order constructs to which they refer, would 
the observer's report be recognized as a valid and 
faltheuleeaccounteof ws whateatnewacitivity as srealay 
Lowe? e 

oe Armed with "only" the knowledge gained from reading 


the account presented by the observer, would 
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someone else be able to understand what he was 
seeing when confronted with the actual lifeworld 
reality of the events described? 

Bhs Can the reader become a player after having read 
the rules? 

The descriptions must make sense to the actors and 
EaAuUseercive Siyalid vty is inherent in 8 the? congruene 
meaningfulness of those "involved". 

Werner and Rothe (1980) classified the methodology 
used for collecting and analyzing data in situational - 
interpretative studies into three categories: pre-entry, 
entry and follow-up procedures. 

Pre-entry concerns itself with the initial discussions 
with the organization who desire the evaluation. Since 
Bhiist. bypestot *resieanchysl Ss econductedslin siuu,. Group 
acceptance of the researcher is critical and entry must be 
planned carefully. Clear descriptions of the research 
techniques to be used must be provided. 

Entry involves data collection. The exact methods 
followed depend on the purpose of the research and type of 
data to be gathered. The major problem to be overcome is 
tOVELTE Into” the school *routinesmwith minimum) disturbance. 
There must be continuous negotiation with the participants, 
Since their private domains are being invaded. 

Follow-up procedures involve the analysis of the data, 
which includes preparation of descriptions of the viewed 


ackivattiLes, Validation of these descriptions and 
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preparation of the final assessment of significance to the 
organization involved. 

In order to validate the data collected when using 
interviews, descriptions are returned to those interviewed, 
and if disagreements occur, revisions made. The end result 
Should be a series of final descriptions which match as 
closely as possible both the researcher's and participant's 
understandings of them. Whenever research involves a 
record of student and teacher responses to a real in-school 
Situation, anonymity must be guaranteed to protect the 
identity of the individuals involved. Therefore, in this 
Study all teachers, students, schools and communities have 
been given fictional names. 

Negotiation of entry and entry itself posed somewhat 
of a preblem in this particular “research study. The 
teachers were asked to introduce a new unit of study with 
which they were not familiar. Their background in the 
Subject matter was, at best, very limited. Fortunately, 
the snow unit fit into the theme of the Alberta Biology 28 
program, with ts emphasis on ecological 
interrelationships. The unit therefore promised to be a 
logical part of the course and would keep disruption to a 
minimum. 

Since the activities involve the study of Snow, Snow 
must make an appearance. Below freezing temperatures are 
also required for best illustrative results. This limits 


the “effective time for the research to the months of 
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December, January and February, proving to have been a 
Significant problem in field trials of the investigations. 
In schools December is interrupted by Christmas holidays. 
If the school(s) involved is (are) on a semester system, 
Ehessgendsero fe thetslirsuy semesters, “including, its )ihinal 
examingeioni period; s-occurs singstne, bast Shaltjot Wanuany, 
further reducing the time available for the introduction of 
the unit, designed to occupy two consecutive weeks.- The 
second semester, with its new groups of students and the 
SEEensecedistmi buted counsessmand: teaching @load to in the 
instructors, commences the first week of February. 
February is also interrupted by Teachers' Convention. 
Careful) negotiation of. entry into. the, school is indeed 


essential. 


Eocation of «the Study 


TRE MStUagYy a wast "Cannled Sout ein ma County — located sain 
central Alberta and adjacent to a large urban centre. The 
county has a population of approximately 50,0988 persons, of 
which 608% live in a suburban environment and the remainder 
on acreages or farms. Twomote the senior highweschools = in 
the county were involved in the research. The county was 
selected because of its proximity to the researcher and his 
familiarity with the system and many of its staff and 


students. 
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The Interview as a Research Technique 


Cicourel (1964) noted that students of social research 
recognize that interviewing may elicit or stimulate a wide 
range of responses. It was to be a major concern of this 
researcher to obtain, by means of interviews, an insight 
into the personal meanings given to the biology laboratory 
experience by the participants in the snow ecology unit. 

The interview process was defined by Stewart and Cash 
(1974) as that of dyadic (face-to-face) communication with 
a predetermined and serious purpose designed to interchange 
behaviour, usually involving the asking and answering of 
questions andi not, occurring in isolation. Gordon (1989) 
defined interviewing as simply talking to people in a 
communication dyad. 

Stewart and Cash (1974) suggested that a number of 
factors affect both interviewer and interviewee behaviour. 
Non verbal actions such as body movements and facial 
expressions may influence responses to questions. The 
absence of interruption during an interview tend to 
increase both the number and length of responses by all 
parties. The leaning forward of the interviewer evokes 
more positive response from the interviewee. Verbal 
actions include open-ended questions and responses which 
permit more interpretation and larger responses. 
Interviews between individuals stimulate a greater 
verbalization than group interviews. In general, the 


interviewee response tends to be double the length of the 
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questions’ asked. The atmosphere of the interview 
surroundings; such as room size, colour and» furnishings, 
affects interview results. Interpersonal attraction is 
critical in the interview situation. MTrustworthiness must 
be established since the responses may reveal information 
which some authority may examine. In-depth responses occur 
only if a good interpersonal relationship is established. 

The tape recorder is considered to be essential to the 
interview technique (Stewart and Cash 1974). It can record 
all that is said and how it is said. The interviewer can 
relax and concentrate on the questions and answers. The 
recorder smay also pick “up extraneous > noises ~ and 
conversations or may record nothing. Stewart and Cash 
Stressed that—-note-taking may interfere with the 
communication climate; for example, eye-to-eye contact. 
The interviewee may watch the notes being taken and become 
distracted from the job at hand. Note-taking also requires 
high-speed writing. The primary purpose of the 
information-gathering interview is to acquire accurate, 
adequate data in the shortest possible amount of time. 

A warm up period is needed in an interview before 
valid materials are obtained (Gordon 198@). Questions can 
bes anranged “in)a Logical “sequence: to allow “for ‘this: “to 
happen. The language used must be in terms of the group 
being interviewed. Gordon (1980) suggested that an 
interview guide be prepared to help direct the interviewer 


toward the objectives of the interview. It should provide 
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an outline of topics but not necessarily the sequence. 
Freedom of movement within the interview situation must be 
possible. Three general objectives of the interview are 
noted. thes questions must )tbes designed | tomweget. at 
information, thus relevance is a necessity. Validity and 
keliabigwity edependPeionyemaintainings generally» egood 
interpersonal relations with the respondents. 

Gordon (1988) noted that time may be an inhibiting 
Factor. For example, as the time approaches for the 
respondent to attend to another activity, interest and 
concentration may be lost. Tt “iniormation (could gthreaten 
self-esteem, an ego threat occurs. Because there is a 
hacuraleetading sof stmemony ,-) forgetting: cane besratactor. 
Respondents must be willing to participate. The time and 
place of the interview may influence responses and 
willingness to participate. The purpose of the interview 
Should be clearly explained and anonymity provided. 
Descriptions and explanations should be in terms the 
respondents can understand. 

Gordon (1988) also commented on the tape recording of 
interviews. Noting that the more complex the information, 
the less the interviewer should rely on memory. This would 
also apply to the rapid flow of relevant information. The 
more the exploration for unanticipated types of responses 
the more the tape recorder should be used. There appears 
tor bevivery  littide “apprehension: «on sthe part, cf “the 


interviewees in the presence of a tape recorder. Le 
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precise’ statements are’ jof significance, the ©ecorder is 
invaluable. Gordon concluded with the statement that the 
interviewer can devote attention to the questions and 
answers and concentrate on obtaining optional interpersonal 
relations. The use of the machine must be explained to the 
interviewee, then kept out of the line of sight of all 
participants and ignored once the interview commences. 

Cicourel (1964) stated that the interview as used to 
test specific hypotheses about substantive matters "strains 
conventional measurement because the measurement technique 
forces us to assume ‘'identical' interviews with 'identical' 
questions and responses". He also noted that it is 
"impossible to anticipate all possible contingencies much 
less expect the interviewer to contend with them adequately 
enecach occasion", =clearly ‘stating that “it is not tpossible 
in the sense of the classical experiment of exploring the 
same conditions to the same sample of subjects in identical 
fashion with complete controls". However, some controls 
exist by knowing in part what to expect and recording what 
actually happens. 

Throughout the interview the previous points were 
taken into consideration. In order to concentrate on the 
responses, to modify or expand on questions as necessary 
and to appear concerned with the discussions at all times, 
no attempt was made to write comments or notes of any kind. 
Although this meant that facial expressions and shrugs, 


often indicative of special meaning, were unrecorded, it 
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was felt that a more relaxed and natural conversation would 


result. Common-Sense language was used throughout the 
interviews. As “a formers’ teachers at thee school, the 
students either knew me by sight or word-of-mouth. A 


natural though limited rapport was already in existence. 


The same was true for the participating teachers. 


PeecenGnys 


In order to obtain sufficient data on the meanings and 
values ascribed to the snow ecology unit in particular and 
laboratory activities in general, it was hoped to involve 
at least two Biology 29 classes. 

Before contacting any participants, it was necessary 
to develop the basic method of approach to be used during 
the evaluation period so that potential teachers, 
Duinclpals wand!) sechoolptboards .woulldl? be. aware of the 
research. Data Yon the meanings given’ tos tWabornatory 
activities by both students and teachers, using the 
designed snow ecology unit as a vehicle, were to _ be 
collected by means of recorded interviews. Five students 
from each class as well as the classroom teachers were to 
be interviewed. The students would be selected by the 
teachers based on having completed the unit and being 
willing to participate. Anonymity would be protected. The 
researcher would transcribe each interview, omitting 
unnecesSary repetitions, pauses, etc., and the responses 


would then be described and interpreted. It was intended 
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to return these first descriptions as soon as possible to 
the interviewees to read and for reaction to the 
interpretations. If there were any disagreements, further 
discussion and immediate revisions would occur. Following 
validation of the interview interpretations, the data would 
be incorporated into the research thesis. The students 
would be interviewed in groups and the teachers on a 
one-to-one basis. 

Interview questions were developed as guidelines in 
order to obtain information and reactions to the _ snow 
ecology unit specifically and laboratory work in general. 
Questions directed at the unit would often lead to a more 
general discussion of the laboratory experience, not only 
in biology but the other sciences as well. Themuse sor 
phrases such as “why", “in what way", or "“explain" were 
able to extend an apparently simple question so that it was 
able to probe into the possible deeper meanings the 
experience had for the individual. The questions were 
organized into separate groups for teachers and students. 
It must be noted that the sequence of questions does not 
indicate the sequence in which they were asked. Since they 
were to serve as a core for discussion, their order or 
precise wording could not be predetermined. In many 
instances during the actual interview, answers were 
obtained without recourse to specific questions while 
discussing some other item. Nervousness on the part of the 


interviewer, student or teacher reaction to the questioning 
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and time constraints on interview length were factors which 
also influenced the questioning. 

In order to aid in the development of questions for 
evaluation, discussions were held informally with twelve 
members of the staff of Alpha High School during the school 
year 1980-81. The individuals represented the 
administration and most subject areas. They were asked to 
consider the type of question they would want to be asked 
if a program they were teaching/supervising was to be 
evaluated by an educational authority in order to decide if 
the course should continue or be dropped from the 
curnniculumy | From these suggestions, plus reference (to Key 
areas in the winter field activities themselves, a list of 
basic, open-ended questions was developed for the 


interviews with the teachers involved in the study: 


1. Describe your teaching background and experience in 
the sciences. 


2. Describe student response to the snow unit. 

3. Were the objectives of the snow unit realistic, 
worthwhile and attainable? Explain. 

4. Were the materials presented in a logical and 
understandable manner? Explain. 

5. Would you suggest any changes or improvements to the 
unit? Describe. 

6. SIHOW RdidmyouN intLroducemthemminit tore themclass? How 


closely “didi soul follow the teaching guidelines = for 
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ie Was the unit®appropriate for Biology 20275) Why ore why 
not? 

8. Did there appear to be future applications of the 
concepts learned? Explain. 

oo, Were Uther evaluation sguidelines! Iisiatistactory? 
Explains How do you usually evaluate laboratory 
work? Why? 

18. Could the laboratory materials have been taught as 
classroom material "rather “than® in'@a. laboratory 
situation? Why or why not? (value of laboratory 
work) 

11. What were your overall reactions to the snow unit? 
Explain. 

12. Were the resource materials/equipment available and 


Satispactory? Why or why note 


The questions designed for the student interviews 
attempted to bring out their views or attitudes toward 
science in general, laboratory work in science and 
reactions to the snow unit as a laboratory activity. 

It was hoped that analysis of their answers would 
provide insight into the meanings and values the laboratory 
had for the students and would thus aid in evaluating not 
only the effectiveness and worth of the snow ecology unit 
but -the@laberetory enterprise dtselsi: (The core series of 


questions are listed below:) 
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14. 


15. 


What science courses have you taken in high school? 
Did any of your science courses have laboratory work? 
Describe some of the laboratory activities. 

Describe some of the activities involved in the snow 
ecology unit. 

What is your opinion on the organization and sequence 
of activities in the unit? Why? 

Did you experience any problems with the equipment 
used in the activities? Why? 

What was your reaction to the assignment and 
results/discussion sheets? Why? 

Was data gathering a problem? Why or why not? 

Do you have any comments, Suggested changes? Why? 

Do you feel you have gained anything of value from 
having done the unit? 

Have you discussed or used any of the material from 
the unit outside the classroom? Why? 

Could the concepts investigated have been taught in 
the usual classroom setting just as well? Why or why 
not? 

Was the evaluation of your work by the teacher a fair 
evaluation? Why? 

How do you see laboratory work being evaluated? Why? 
Is laboratory work really necessary in a science 
course or could “the intornmation \be »learned: jas 
effectively, in. regular classroom mctivitles? 


Do you have any further comments on the unit or 
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laboratory activities in general? 


If possible, it was decided to involve three classes 
OEmBiology 220 —students: Two classes were to be selected 
from Alpha High School and a single class from Beta High 
School. Alpha High provided a number of Biology 29 
sections taught by different teachers. The class at Beta 
High was to be taught by the researcher. 

Since the researcher was a former staff member at 
Alpha High, "preliminary discussions with the” school 
administration and biology teachers were no problem. 
Formal contact was made in June 1981, when tentative 
teaching assignments were available for the 1981-82 school 
year. The aims of the research, the design of the ecology 
unit and the research method were discussed with two of the 
Biology 2@ teachers who had classes scheduled at a time 
that appeared convenient for purposes of the study. Both 
teachers were quite interested in the research problem and 
indicated that they were definitely willing to participate. 
Contact was then made with the principal of the school, the 
research explained and the teachers' names submitted for 
hiss consideratzons He fully endorsed this preliminary 
submission and suggested that I approach the shcool board 
SonsotGicialy approval in ®the stall 

During the summer of 1981 final adjustments were made 
to the snow ecology unit and a tentative package of 


materials assembled. A potential problem was duly noted 
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concerning the time available to complete the data- 
gathering. 

Rothe (1979; pers. comm. 1981) had indicated that the 
time required to transcribe interviews from tape recordings 
and write up descriptive interpretations took an inordinant 
amount of time. To have classes run the unit at the same 
time would result in a logistic nightmare. It was decided 
that one class would do the unit in December 1981 and a 
second group in February 1982. Interviewing for the first 
group could be completed before Christmas break with 
Eranscriptions, and=internrpretationss finished during the 
holiday period. This would allow for validation of these 
descriptions in January and the completion of the data 
collection before the next class would begin the unit. The 
load would thus be more equitably distributed. As I was 
scheduled to teach a section of Biology 28 the decision was 
made to also involve this group in the evaluation. Not 
only would the population size be increased but 
interviewing arrangements would be easily accommodated and 
the opportunity provided to view the situation first hand 
and to record personal observations and reactions. It was 
hoped that a group of five students per class plus the two 
classroom teachers would be interviewed about their 
reactions to the unit and the laboratory experience. 

In September 1981, the teachers and principal were 
eontacted again £6r confirmation Si their” participation: 


They were all looking forward to the experience and were 
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most Supportive. A tentative schedule for introducing the 
unit was prepared, based on the teachers' finalized 
instructional assignments. 

In October the assistant superintendent was contacted 
by phone to enquire as to the Board of Education's 
preferred method of approach in a research situation. He 
suggested that, in addition to the usual special request 
forms submitted to the board by the Department of Secondary 
Education at the University of Alberta, he desired a 
personal letter which outlined the research aims, proposed 
method of study and the estimated time-line. Following 
this conversation the letter was sent to the assistant 
Superintendent, and at the same time, formal school board 
approval was requested by the Department of Secondary 
Education. The Board reacted favourably and in late 
November granted permission to proceed with the research. 
The board requested that the anonymity of all schools and 
persons be respected. 

The teachers were informed that their involvement had 
been approved. Because of the time involved in 
interviewing, Rranscnribing and validating the 
transcriptions by those interviewed, it was decided to run 
ChesUnigtesineons of the twouclaccesming December 199lvandstie 
other shortly after the start of the second semester in 
February 1982. Because of her teaching assignment, Mrs. 
Jones' class was to try the unit before Christmas, during 


the second two weeks of December, and Mr. Smith's during 
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the middle of February, immediately following Teachers' 
Gonven tion’. The researcher's own class would also 
participate, at the same time as Mr. Smith's. 

A copy of the two student instruction booklets 
(Appendix A) was provided to both teachers in November for 
familiarization. Three weeks prior to introducing the unit 
in their respective classes, the teachers were given the 
materials listed below: 

Dow Alvis cf the ‘conceptss to be «developed sand) a 
Suggested marking grid (Appendix B). 

2 eA completersetaol, booklets tom each student. 

3. A supply of data recording sheets for each activity 
(Appendix C). 

47ewAe Suppl ys of “assignment Gand Ghaboratory, Gpeport 


(result/discussion) sheets (Appendix D). 


Items 3 and 4 were of sufficient numbers to provide 
one complete set per student. EXtmaiccOp1eSe0 fal Cems m2 40e35 
and 4 were provided in case of unexpected shortages. 

The items were examined and discussed in detail, and 
the expected time-line for the unit was explained. 
Teaching strategies were suggested and possible problem 
areaS explored. Questions raised by the teachers were 
answered. The teachers were encouraged to follow the 
guidelines as closely as possible but to make modifications 
if absolutely required. Weather conditions were perceived 


as having the greatest impact on the operation of the unit. 


85 


stoi 
th saree? entail at waait 
pete -Eieov: Wiehe ‘bwa F! seis Sane? ae 


a4 Ae SG 


_ 


. ie 5 
bu@lne 4h ibs ante vale es ori ne 
i nelasescant shod £6 WRT eft? ba “Yqee «i 


[69 geAnavo AL etenbesyY f200 ne Vek ibayq: Bae tA einareagA) 
aisabw oa gitt woven tran tlan? 


etrh Gilt’. ona hartge) oF Vel 
aiaw eievtoes* odt peodedion Mebrengeet vies on 7 is 
ihe aage ts etetye3 i ’ 
— -_ 
- 7 
¥) <i] ) <3 i aa =e 2 >We 6 nas aes Yo geift A Bt? - 


+ yl ersqcr' bith: pnb ian hes Gag ree | 

-jnebodal #oeb 967 adel ged Jo Pee erelqued A a 

57 ase silt a Ors} wien a wrqgque:« =e 
tf? witboaegqa) 

: i> VRoTEDCeaE: Bne 4pencdolese be, viqgus A ? 


seat): aF6age inatadurniph\s (ues?) : 


ip 
- 
a 
nd 
= 
t 
a 
~~ 
® 
a 
- 
——_ 
r 


26 (6.308 5 bane € emert v7 
c mae Dy pej@an 61ZNR webs. 5 yeu Jas ie 
seneene Heldheryxeenl aes at belivorg #70" - FI 


tie (iondieh wl paseunelS Bre fem mg. vt 2me3i ont 
= apis pazoeqx 


suUATA LORS =e Jiu nis oF + 
res 


. | 
ary) 1G, 88d i fiend. hag. Se teen ce eee opi paerse peat el 


= . 
stoeeup Spr olaxe 
“ e: 


Pe eee el nit, 7d \igpied 


aid re | As Din thea ial et Ls r 
wanavi im 


_ 7 


oa ae we a les 


snes oni 


ene 


Both teachers appeared quite enthusiastic and anxious to 
get started. Personal and telephone contact was maintained 
prior to and during the presentation of the unit in case 
CURED wnStruCtlonmicla~lelcatlons a Were m= Tequi ned .0.7 
unforseen difficulties emerged. 

Discussions were also held on the method of selecting 
Students for interviewing after the unit was complete. It 
was agreed that the teacher would select those students who 
had completed all the activities (not necessarily all the 
hand-in assignments) and were willing to participate in an 
evaluation. son (the unit. Five students was suggested as a 
desirable group number for interviews. The aims and 
organization of the teacher's interviews were also 
reviewed. The principal of the school was kept informed of 
the status of the research and was also given copies of all 
the materials to be used in the classroom. 

Because the classes were not all to be taught the unit 
at the same time of the school year there was a strong 
Poss lbilveye thats the sOuLsT aelscondataons, could egrneat ly 
differ. Since it was impossible for the researcher to be 
present during the time the students from Alpha High did 
the field work, that information had to come entirely from 
the student and teacher interviews. However, the class at 
Beta High was being taught by the researcher. this 
provided a. unique opportunity to follow the day-to-day 
events in the Snow unit, noting personal, student and 


general. class. reactions’. Students) were also to be 
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interviewed. While each classroom situation would be in 
some respects a special situation, the meanings given to 
the snow ecology activities by the variety of students and 
teachers participating should give a more realistic view of 


their experiences. 


Student and Teacher Interviewing 


Information on the meaning and worth of the laboratory 
experience was gathered from both teachers and students by 
means of taped group interviews. 

The students for interviewing were selected by the 
classroom teachers on the basis of having participated in 
the unit and a willingness to be involved in an evaluation 
of the snow activities. 

The students were informed that the snow unit they had 
just completed had been recently designed at the University 
of Alberta and that they were among a limited number of 
classes who had done or would be doing these activities. 
They were told an evaluation of the unit was desired and it 
was felt that those involved could provide very important 
Feedback as to its worth. As participants, their honest 
opinions were desired, both positive and negative. These 
comments would have a direct influence on the further 
development of this unit of laboratory work. The interview 
transcription, interpretation and validation techniques 
were explained and participant anonymity guaranteed. This 


latter point was received with some obvious relief by the 
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Students. 

A similar procedure was followed with the teachers 
except that they were aware the design of the unit was the 
researcher's. Because of the sequence of classes doing the 
unit, each teacher was interviewed individually. The 
researcher's familiarity with both teachers reduced tension 
during the interviews, scheduled for the completion of the 


lithic. 


Interpretation Protocol 


An individual transcript was prepared for each person 
interviewed. Rather than a word-for-word transcript, the 
individual's comments were gathered in a series of short 
paragraphs based on the interview question(s) asked. 
Condensation of their remarks eliminated unnecessary 
phrases such as "eh" and "ah", pauses and other extraneous 
utterances. When one student verbally agreed with the 
comments of another the phrase “agreed with..." was 
inserted. Where possible exact phrases or sentences used 
by both students and teachers were left intact, including 
grammatical “errors, in order to preserve the “flavour” of 
the conversation. Following each set of comments’ the 
researcher interpreted them in terms of specific values to 
the student. These were prefixed with an asterisk in order 
to separate them from the students'/teachers' personal 
comments. 


An excerpt from a fully transcribed interview appears 
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as Appendix E. Examples of the researcher's interpreta- 
tions of student meanings are found in Appendix F. 

The interview descriptions and the interpretations of 
these descriptions were presented to the students and 
teachers involved within six weeks of the final interview. 
This was a longer delay than anticipated but was necessary 
due to three factors. The schedule of events had been 
displaced with the switch of Jones' class from a December 
Start to January, as well as school closures due to the 
weather. This meant that interviews, transcriptions and 
verifications for the first group now superimposed upon the 
introduction of the unit into the remaining two classes. 
The researcher had only evenings and weekends to transcribe 
and interpret the interviews and during this time had 
naturally to attend to certain family commitments. The sum 
total of the interviews, including the special series with 
the four students in Beta School resulted in the production 
Ofauthitnteys transcripts. Together they produced over 
five-hundred pages of transcript and interpretations. The 
time involved in the preparation of this mass of data 
exceeded 200 hours. The logistic nightmare described by 
Rothe (1979) had been recreated. Nevertheless, the 
in-school situation was a real situation, one which the 
classroom teacher must live with on a day-to-day basis. 
Therefore, delays in implementing the first unit may well 
have resulted in a more reliable test of the worth of the 


Snow unit itself. 
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Polrowing “tie, Strascriptron. and "interpretation «of 
student and teacher statements, arrangements were made to 
meet with them as individuals or in small or larger groups 
to describe the methods of transcribing and interpretation, 
to allow them to view and discuss these descriptions and to 
give them the opportunity to revise an interpretation where 
necessary. There were no problems in arranging times for 
members of my own class. ins the "case “of Alpha “School, the 
principal arranged for the use of the small conference room 
and the release of the students from class when necessary. 

The verification sessions took approximately one half 
hour each and, following any revisions, ended with a 
reiteration on the use of the material. Many of the 
Students indicated that they would like to be informed of 
the eventual results of the evaluation and this was agreed 
to. Few changes were made. The students, even with a six 
week delay in some cases, stated that ches remembered what 
they stated and the descriptions were quite accurate. A 
number of chuckles arose when reading some of the 
interpretations. When asked to explain, they mentioned 
that they had been unable to find the precise words for an 
explanation and that the interpretation had been quite 
accurate. Typical “of ~ the ~ changes made" Y was )*the 
interpretation of student W's remark concerning the value 
of laboratory activities in science courses: 


W Chemistry labs were fun because you can 
watch things explode and everything. 
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I assumed that W was being facetious. Nevertheless I 
interpreted his comments as follows: 

* Chemistry labs were more of a game than 
a learning experience. 

W was quite upset that I had taken his comment 
literally and stated that the labs were definitely a 
learning experience, not a game and was pleased to see I 
waS prepared to modify my interpretations accordingly. 

The interpretive descriptions were thus verified by 
the participants and can be considered as descriptions of 
the meanings the teachers and students have of the snow 
ecology unit and of the laboratory experience in general 


terms. 


Entry sto Class >), “Alpha High School 


The class of Mrs. Jones was to begin the unit during 
the week of December 1, and no later than December 7, 1981 
which would allow completion of the two week unit before 
the Christmas’ break. Weather conditions forced post- 
Ponment. December set records for warm weather and no snow 
was present on the ground. Mrs. Jones was quite agreeable 
to changing the date of instruction to the week of January 
3, 1982 even though it would interfere with planned work in 
genetics and possibly limit review time prior to the final 
exam period which was to commence on January 26, 1982. 

During the final days of the Christmas holiday the 


temperature dropped into the 220, range and by January 4th, 
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the first day back to school, there was a Snow cover of 
about ecm. 

Although the snow depth was less than ideal for 
optimal data collection by the students, Mrs. Jones agreed 
to proceed with the unit but was forced to cut back on the 
recommended time allotment by 20%. She also decided to 
make the unit the basis for the student project section of 
the Biology 29 program and used the marking-grid and built- 
in assignments for this purpose. The weather was bitterly 
cold during the outdoor work (approximately -39°C) and 
little snow was available until the final outdoor activity 
when Snow accumulation reached about 206 cm. Since there 
were now time limitations, little discussion of the data 
was carried on in class and some students were unable to 
complete all the activites. Now that the unit was going to 
represent a significant percentage of their final marks, a 
number of the students used their own time before class to 
complete “the “initially ocutdoon = work= for “their Plast 
data-collecting investigation, then completed it during 
regular class time. 

The weather conditions had been less than ideal, to 
say the least. As a result the school system had been 
closed for two of the last four days due to the intense 
cold. Even though some of the intent and sequence of the 
unit had, of necessity, been modified, the researcher felt 
that sufficient work had been accomplished by both the 


teacher and students that interviewing should proceed as 
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planned. 

The time shift in running the unit now had complicated 
the interviewing schedule. Since the final exams were to 
be written only two class periods following the completion 
of the unit, all interviewing had to be postponed until 
early in the second semester. Mrs. Jones had selected 
eight students who had completed all possible aspects of 
the unit and were willing to participate in the evaluation 
interview. A meeting was held at noon hour on February 5, 
1982 at which seven of the eight students were in 
attendance. The eighth student had left the school at the 
end of the first semester. The purpose of the evaluation 
was explained, the value of their contribution emphasized 
and their anonymity stressed. All were interested in the 
evaluation and agreed to a schedule in which they would be 
interviewed in groups of four and three respectively. The 
interviews were to be held at noon-hour, on the students' 
own time, so that they would not have to leave regular 
classes at this point in the new semester. The noon hour 
restricted the time for an interview to approximately 45 
minutes. Because of illness among the students, the 
interview groups eventually consisted of three students, 
one student and three students held on February 8th, 
February l0th,s and February l7th respectively. The 
interviews were held in the classroom/laboratory of Mrs. 
Jones, the same room in which the students had taken the 


Biology 28 course. The surroundings were thus familiar to 
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each student. Except for the one-to-one interview, the 
interviewer and the respondents sat around a small lab 
bench. The tape recorder was placed to one side of the 
table for minimum visibility. My familiarity with the 
school, the room and some of the students allowed for some 
preliminary conversation prior to the actual interview. 
Again, the purpose of the evaluation, the presence of the 
recorder and the anonymity of the respondents was stressed. 
Bxcepuy for etextraneous  Nolises TiErom the-scorrmidors and 
intermittent public-address system announcements’ the 
interviews proceeded without incident and within the time 
available. The students indicated that they looked forward 
to seeing the transcripts of the interview and hoped their 
contributions had been of value. 

The teacher considered that the class had been one of 
her more academic groups. Of the seven students 
inteviewed, except in one instance, final marks in the 
course were 80% or over. There. wse little doubt. thatce the 
group represented a better than average achievment in the 
Student population. 

Mrs. Jones was interviewed on January 28, 1982. The 
session was held after school in the teacher's classroom. 
Twosor three sinternuptions occurred but did not affect the 
continuity of the discussion. During one pause due to a 
laboratory technician moving Some equipment in the room, 
Mrs. Jones remembered some comments which had not been 


bEQUGhteaip. These were then incorporated into the 
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interview at a later point. It appears that a break in an 
interview may be an effective technique as it allows for 
reflection at a less stressful moment. Having ijusit 
completed the unit, Mrs. Jones easily remembered many small 
points that, over a longer interval between event and 


interview, may have been forgotten. 


Entry to Class 2, Alpha High School 


The class taught by Mr. Smith began the unit as 
planned on February 23, 1982 and ran it for the required 
two consecutive weeks. The classes were of eighty minutes 
duration and were held every second day. Preliminary 
information was given and the first booklet handed out 
during the last few minutes of the class prior to the first 
day of the unit so that the students would come to class 
prepared to proceed with the first activity. The weather 
waS snowy and the daytime temperatures well below normal 
Bor Gtuhat. timeslot thes year. The snow cover, already 
sufficient for the studies, increased during the two weeks 
from about 38 cm to 50 cm depth. The daytime temperature, 
except for the final outdoor activity, was approximately 
Sone & On the final day the temperature reached S12 7Ge 
Steady breezes resulted in a severe wind chill. The 
general conditions were actually ideal for obtaining clear 
data but definitely uncomfortable for the students. 

The teacher reported that all the activities had been 


completed over the allotted two weeks with little 
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difficulty although final assignments were still being 
submitted to him during the following week. As a result he 
requested a short delay prior to any interviewing. 

Four students were selected by the teacher to 
participate in the interview session. Unlike the Jones' 
class situation, arrangements could be made to conduct them 
during the school day at a time when I was scheduled for a 
Spare period. The principal arranged to have the students 
released from class during their final period of the day 
but requested that the time be limited to a fifty minute 
block. He also was able to reserve a small conference room 
for my use. 

The interviews were held on March 23, 1982. The 
intention of the study and my position with respect to it 
was explained to the students. The use of the recorder was 
explained, anonymity guaranteed and the value of their 
contribution stressed. They were pleased that they were to 
be given a chance to validate their comments and my 
interpretations of them. We sat around a table and the 
recorder was placed to one side. The group appeared 
relaxed and eager to begin. The interview took longer than 
the allotted fifty minutes and the students were agreeable 
to extend the conversation for an extra few minutes even 
though it meant remaining after school. Unfortunately, 
when the tapes were played later for transcribing only the 
introductory comments, about one minute in length, had been 


recorded. 
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Again I approached the school in order to re-interview 
the students. The principal, teacher and students were 
more wehanmewrlling: to. 100  Veanonce —again. One student, 
however, was out of the country and had to be omitted from 
the study. The second interview was held on April 7, 1982, 
the Easter vacation having occurred in the interval. The 
interview ran smoothly and the students seemed to respond 
ae the questions in a vein similar to the first session's. 
Since the intent of the interview was not the recall of 
specific detail but impressions and meaning of the unit, 
the delay did not appear to be a problem. 

The interview with teacher Smith was delayed because a 
time convenient to both Smith and myself was difficult to 
arrange. It was finally held in May, some eight weeks 
after the event had taken place. Smith was cooperative in 
all respects although some details of the unit appeared to 
have been forgotten. Questions were often modified to dig 
out the forgotten material and to obtain more generalized 


comments on both the unit and other laboratory exercises. 


ENELY. torClass 3, beta High school 


Prior to commencing the unit I had noticed that the 
time table of four of the students indicated spare periods 
which coincided with my free time. This suggested the 
possibility of a series of ongoing interviews which could 
occur after each outdoor activity, as well as after the 


completion of the unit. All were members of different lab 
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groups. These students were approached and the evaluation 
set-up was explained to them in the uSual manner. EN 
EQUL, “CWomegirism andi ftwo boys, were siqui'te pwil ling, to 
participate. By matching their spares with my free time 
two groups of two students each were scheduled. Because of 
a timetable switch by one student, the second group was 
unable to have their first interview session until after 
the second outside activity. Interviews were held in their 
biology classroom, vacant at that time. 

[fT RadginitialLlyeexpected tosgo,;with alsingle group of 
four or five students for interviewing following the unit, 
as arranged in the other test classes. This concept was 
maintained. Four more students, two boys and two girls, 
representing other lab groups where possible, were asked to 
participate. They readily agreed. The group interview was 
held in a small conference room on March 25, 1982. The 
Standard explanations were given to them and the interviews 
proceeded without interruption. All interviewed students 
Were sm anxlous © to) see. the. transcnipts: “and imy, first 


interpretations. 
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CHAPTER 6 


INTERVIEW DESCRIPTIONS AND INTERPRETATIONS 


Imeroduction 

The meanings given to laboratory experiences by both 
SeuGgentsmand jteachersisa the main concerns of thissistudy. 
The vehicle used to initiate reflection on the worth of 
these activities was the researcher-designed winter ecology 
unit. Through the series of interviews with the students 
and teachers involved, the overall impact of the snow unit 
plus various aspects of laboratory work in general were 
examined and discussed. In order to facilitate interview 
interpretations the sequence in which the classes attempted 
the snow ecology unit suggested a division along class 
lines. The data from the three participating classes 
therefore appears under separate headings. Since teachers 
and students view the same event from quite different 
perspectives, their interview interpretations have been 
kept separate. Rist (1982)" suggested Fthat thematire 
analysis, the clustering and presentation of material by 
key themes found by examination of the material collected 
can be an effective method of organizing qualitative data. 
An examination of the interview interpretations indicated 
that they could best be analyzed under the following 
sub-headings: Background in “High School» “Scrence; 


Gabo ratmLy MOrganization, “Instructionss andi Procedures’: 
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Activities, Assignments and Laboratory Evaluation; The 
Laboratory as a Learning Experience, Teacher interviews 
were Similarly organized under the following sub-headings: 
Attitudes Toward Science Teaching; Laboratory Organization, 
Instruction and Procedures; Activities, Assignments. and 
Laboratory Evaluation; ivemw Laboratvony as) 4 eLearning 
Experience, A summary concludes each group of 
interpretations. Since my own class had participated in 
the snow activities a section devoted to my _ personal 
observations and feelings replaced the teacher interview of 
that specific section. 

Throughout the discussion the meanings of both student 
and teachers are also interpreted in terms of the four 
regions of being developed by Rothe (1979) and described 
earlier in Chapter 3. The classification of key responses 
into one of these categories iS a means of indicating 
differences in the meanings suggested by the students and 
teachers. 

Responses in the Passive Area of Being indicate that 
an individual is typically bored with a situation and fails 
to recognize that he is the creator of his own values. The 
need for external expectations is also characteristic of 
this area, Responses indicating the Immediate Area of 
Being Suggest that the laboratory is of value only because 
it eliminates boredom by being a new instant of pleasure. 
In the Responsible Area of Being, closer to the center of 


the inner being of a person, the respondent would indicate 
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that a personal decision is part of the experience and that 
others are affected by his/her choice. A person who bases 
Cheice ston euintuditive sandy spiritual s-grounds,*sand® orizes 
Gualberes isuch Bastesocivall ustace fand harmony “with enhis 
fellow man, iS responding in the Transcendent Area of 
BEING see lnissanalysis of @valueseisc =thustiltselbaot value £6 
the evaluator as part of a decision-making process. 

To preserve the anonymity of the participants, each 
Student has been assigned a letter code (B, C, D) while 
teachers have been given fictitious names. 

The classes participating have been designated as 
Cassius, Class 928 and ) Class.) 3 Class 1 includes the 
Students and teacher at Alpha High School who completed the 
snow ecology unit during January, 1982. Class 2 consists 
of the students and teacher at Alpha High School who 
completed the unit during February, 1982. Class 3 involves 
the researcher's students who completed the unit during 
February andoMarcn, 1982. 

When quotations are used, they are in the abbreviated 


form described in Chapter 5. 


Descriptions: of Student! Meanings, Class 2 


Background in High School Science 
Sevens students ,, designated B,C, D,wn, Ff ,—G andeaw, 


were interviewed. in) order to .get the students talking 


and to develop a relaxed atmosphere, they were simply asked 
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to mame any science courses they had taken in senior high 
school. All the students had completed Biology 198 and had 
Just completed the Biology 208 program. Students Dp. and ys 
had also taken Physics and D, 5B, F and G had completed at 
least Chemistry 18. When asked to describe laboratory work 
they had performed in their science courses students D, F 
and G mentioned activities involving the microscope and 
dissections. They were then asked to describe some of the 
Snow activities in which they had been involved. Specific 
activities were noted. These _included constructing 
equipment such as the weigh scale pans, building a 
quin-zhee (Snow shelter) and recording temperatures inside 
and outside of it, examining snow strata, aging snow 
crystals, and recording Snow temperatures, densities and 


Snow depth. 


Laboratory Organization, Instructions and Procedures 


The students indicated that the materials in the 
instruction booklets appeared well) organized and | inca 
logical sequence. W thought the division of the student 
materials into two booklets reduced possible confusion. 
Clear understandable instructions are considered a basic 
requirement for laboratory activities. This sindicaves 
meanings in both the Passive and Immediate Areas of Being. 
F considered that the assignments were easy to do because 
GE, the aoparent dogical order cf “Steps. and claricy of 


instruc oLons se .Ln —Ppresenuing “datas Tand™ sany smecessary 
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mathematical caleulations. These laboratory 
characteristics are valued by the student and have meanings 
in the Immediate Area of Being. 

The homemade equipment appeared to function adequately 
alehougiegthess lack® of “snow @ilimited, the pinumberesesoFf 
measurements made. A small problem was noted: 

E The only problem encountered with the 

student-made equipment was with the 

balance pan. It was so light that the 

wind caught it and made reading the 

spring balance a bit of a problem. 

Using the snow sampler as a balance pan 

(heavier) might be one way of reducing 

the problem. 
Malfunctioning equipment can lead to some frustration and 
possible back of “interest “In “Sproceeding) with “an 
investigation, resulting in meaning for the student in the 
Passive Area of Being. However, the fact that E was 
concerned enough to suggest a solution which might benefit 
others indicates meanings in the Responsible Area of Being. 

The students all mentioned the lack of Snow as a 
problem for recording temperatures at the suggested depths, 
observing strata and having sufficient time for building 
the quin-zhees. The actual observations made posed no 
Gap oheuley. However, C waS concerned that not all the 
required measurements could be made and would prefer to 
follow all the possible steps even though modifications 
to the lab may be due to a real-life situation. Thais 


indicates meanings in the Passive Area of Being. 


W noted that the thermometers were not calibrated 
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beyond -18 C and that he estimated lower temperatures by 
assuming that the calibrations would have remained 
constant. This indicated a desire on the part of the 
student to take some initiative in determining a more 
accurate reading which he could share with his fellow group 
members, a meaning within the Responsible Area of Being. 

The topic of predicting results before collecting the 
data was raised. Students D, E and G noted that their 
predictions were similar to the actual temperatures 
recorded in the snow but that it was warmer than expected. 
E and G expected warmer temperatures: 

W The set of temperatures beneath the 

Snow were surprising. It was very cold 

out (about - 49 Cys It was very warm 

only apouty.—79CG to —85C vat the bottom 

of the snow. It waS much warmer than 

expected. 

Predicting results appears to increase interest and allows 
for comparisons. Meanings are in the Immediate Area of 
Being. 


The students were bothered to some degree by the 


PLevaishing scolimati ce conditions. W illustrates this 
concern: 
W One of the main activites was getting 


Comae It was around -48°C outside and 

windy. It waS warmer on the day the 

Snow shelters were built. 
The other students also referred to the cold. They noted 
that it was a problem mainly on the first day out. This 


Suggests meanings in the Passive Area of Being. Interest 
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appeared to overcome resistance to the weather indicating 
meaning in the Immediate Area of Being. 

The students concurred that the time available for the 
unit was insufficient due to the delay in commencing the 
program. If they had followed the expected time line there 
would have been no problem in completing the unit. Some of 
the students actually gave up free time in order to 
complete activities. This is illustrated by C's comments 
on the quin-zhee construction: 
€ Snow shelter construction involved 

piling up the snow intor a 6 foots by U2 

foot pile. It was allowed to set over 

a half hour time priod. A hole was dug 

into it and the centre was hollowed out 

SO @yOur COUldIeSsit. inj) Lt. The shelter 

was worked on before class in order to 

complete the piling stage before doing 

the investigations which were done in 

class time. 
C exhibits sufficient interest in the activity to give up 
personal time to assure completion of the exercise. This 
suggests meanings in the Immediate Area of Being. However, 
the teacher had indicated that a high mark value was 
attached to the completion of the unit. Since the students 
had indicated a desire to attain high grades, the grades 


rather than interest in the activity may have been the 


motivating force. “The meaning! in this case: could) be win the 


Passive Area of Being. 


Activities, Assignments and Laboratory Evaluation 


The students were questioned about the laboratory 
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reports required and the evaluation of their work. W 
indicated no problems with completing the assigned work and 


noted that the reports were evaluated fairly and nice high 


marks were obtained. He appears to associate a fair 
evaluation of laboratory work with high marks. Ths 
SuggestS meanings in the Passive Area of Being. This 


feeling was also expressed by B, C, E, F, and G. 

D thought that the mark assigned might be based more 
on the answers to questions than the effort put into the 
work. He appears to see more in a laboratory exercise than 
the, physical» “fun” ‘of doing it and that analysis of data 
leads to more learning. This indicates meanings in the 
Immediate Area of Being. 

G thought the difficulty level of the questions in the 
discussion section of the report was reasonable and could 
even have been harder: 

G The answers to many of the discussion 

questions were right there (in the 

data) and one really didn't have to 

Chunk’. 
G also stated that data which can be easily examined and 
analyzed is important to laboratory work. Graphing posed 
no problem and density calculation appeared easier since 
density calculations had been done in population studies 
earlier in the course. Satistaction swith the collection, 
presentation and discussions of data has meaning for the 
student in the Passive Area of Being. 


A question was asked about the "fill in the blank" 
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exercise following the two research articles. Cy thougnet 
the articles probably would not have been read or would 
Simply have been skimmed without the required assignment. 
Students W, B, E, F and G agreed. This suggests meaning 
in the Passive Area of Being. D thought the assignment was 
a good test to see if this information was understood and 
remembered. He would have read them anyway because they 
were of interest. This indicates meanings in the Immediate 
Area of Being. F thought that the two articles would have 
been best read at the beginning of the unit. Then 
information concerning animals under the snow, for example, 
could have been supported by the first set of activities 
(measuring temperatures under the snow). The student 
appeared to prefer knowing the anSwers in advance rather 
than examining raw data and drawing conclusions from it. G 
agreed. This suggests meanings in the Passive Area of 
Being. 

Students W, B, and C indicated the necessity of 
requiring, a laboratory “repore “at = the end “of “an 
investigation: 

B A lab report turned in at the end of an 

activity “Is wrobably better “than no 

required assignment. You. Due, Pal ibit 

more effort into the work; do a better 

TOD. 
Beisenoeiwibiing. ton DUL Out. MaximumMect ror inlessmtnere sare 
demanded requirements, indicating meanings in the Immediate 
Area Of Being. Wand ¢ agreed with 5B. E prefers a more 


challenging analysis of laboratory data and the elimination 
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of simple right or wrong answers. A suggestion was made 
that a summary paragraph or its equivalent be added to each 
lab exercise to tie everything together and allow for 
personal Gunterpretation: of ~tEhe, data. This suggests 
meanings in the Responsible Area of Being, a desire to make 


personal decisions not restricted by given limits. 


The Laboratory as a Learning Experience 


In order to probe more deeply into their feelings 
about the laboratory experience, the students were asked to 
indicate ther preferred activity, in this’ unit. Except for 
Student E they all indicated that the building of the 
quin-zhee had been a highlight which led to an indepth 
discussion gof Wehr activity... 6 indicated that the physical 
building of the shelter was of more importance than the 
data recorded about its properties. This suggests meanings 
to the activity in the Passive Area of Being. The others 
Saw yp the activity. as ~havingm Valuewe in. Sa, (possible 
life-and-death situation if stranded in adverse winter 
Condit lons i moe sdes. DEINGuefluneerOerCoOns Eriuct., D saw 
usefulness in the information gained on the effects of the 
quin-zhee on temperatures. He noted that as a back packer 
in winter he had already been familiar with snow shelters 
and had slept in a quin-zhee on occasion. Although he knew 
it was warmer inside one than out in the air, he now was 
able to understand why and saw the shelter as useable in a 


NuUMDe Wao ess ditt ons. He was Surprised at the actual 
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warmth in the _ shelter. This suggests meaning in the 
Responsible Area of Being. The estudent mi simactingiten #his 
own volition and sees the information gained as having 
value to others. G had further consderations. She stated 
that she had gone home and taught her little sisters how to 
build a quin-zhee. 
G Little kids always like to build snow 

FOGtSi-« If children were taught how to 

build a proper quin-zhee they might use 

it sometime. We ourselves could use it 

sometime. My sisters are seven years 

old. Theysliked) building the shelter, 

had fun and hollowed it out themselves 

and» had av great timerdoing it.) ft. was 

all fun for them but they could use 

this knowledge some day in the future. 
G has extended her thinking beyond the self. She takes 
responsibility for the actions of others. Her meanings are 
in the Responsible Area of Being. 

Some students suggested additional activities to the 

Snow shelter exercise. W thought that it would be 
interesting to build a shelter in a remote area and sleep 
in it. If a ledge was built to raise one from the floor it 
would raise him above the cooler air at the floor. W had 
obviously grasped the basic principle of snow insulation. 
He gave them meanings in the Immediate Area of Being and C 
thought a candle would raise the temperature inside even 
higher. She also recommended venting to prevent carbon 
monoxide poisoning. This suggests meaning in the 


Responsible Area of Being. 


The students were asked to consider themselves as 
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advising a friend who might select a snow unit as an 
option; on the value, if any, of taking the unit. Students 
W, D, E, F, and G noted that they would probably recommend 
the euni €< Ee thoughts there were other @options “just as 
valuable to people, indicating his meanings were in the 
Responsible Area of Being. 

A question was then posed which suggested that this 
type of laboratory work could be done in the classroom 
without the necessity of activities. The responses 
revealed much about student interpretations of the 
laboratory experience. W thought that it was possible to 
Study the unit from theory only but the activities broke 


regular classroom routines. This suggests meanings in the 


Passive Area of Being. The act, sof panticipating jwas” 


thought to make learning easier, certainly easier than 
merely reading. This suggests some meaning in the 
Immediate Area of Being. B was in agreement with W. He 
added that the handling of equipment and other techniques 
were requirements for university work. C thought that one 
thinksiaotena Siaboratory ) Situations more cotten sand thus 
remembers the material learned a bit better. She also 
noted that laboratories do have to make sense, otherwise 
book work is easier. Laboratories with practical 
application outside the school environment were also seen 
as having more value. This indicates meanings in the 
Immediate Area of Being. 


Laboratory experiences other than the snow units were 
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also mentioned. Students E, F and G commented on chemistry 
laboratory activities. They were considered easy and fun. 
G stressed that observing a real reaction was a vital part 
of the laboratory experience, When asked what chemistry 
would s bem Vikesswithout jVaboratory work ~eb,, F, and sGisal? 
Stated that the laboratory was necessary for fo rSireevand 
observations. This suggests meanings in the Immediate Area 
of Being. E added that a laboratory which simply involves 
something already understood is of little value. Meanings 
of laboratory experiences in this case are in the Passive 
Area of Being as the student does not see the laboratory as 
simply reinforcing knowledge and not approaching the topic 
in a new way. 
In wbiology,.G indicated andislikesgobgdissections: 

G I did not like any of the dissections 

and was bothered by the fact that the 

organisms dissected were once alive. 

The dissections were gross. The = 

anatomy learned however was considered 

of some value; the physical dissection 

was the problem. 
G performed the dissections but only out of necessity. 
This suggests meanings in the Passive Area of Being. 
Something of value was noted, and thus has meanings in the 
Immediate Area of Being. Genuine concern for the fate of 
organisms that are dissected may indicate feelings in the 
Responsible Area of Being. F concurred, with G. E stated 


that there was value in knowing where the major organs and 


systems of the body were located suggesting meanings in the 
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Immediate Area of Being. 

D states that learning by experience is best. 
Laboratory work is tougher in general than text book 
learning but is more interesting and involves practical 
experience. Facts are no longer just facts. The value of 
the quin-zhee for example was not only that it illustrated 
how organisms can survive the cold by living under the snow 
in the winter time, but in its practical use as well. This 
Suggests meanings both in the Immediate and Responsible 
Areas of Being. 

E indicated that although he had learned something 
about the insulating properties of snow, the relief from 
the day to day classroom routines seemed the most important 
aspect of the snow ecology unit. This suggests meaning in 
the Passive Area of Being. 

F considered the experience worthwhile even if the 
physical conditions outdoors were rather extreme. 
Experiencing the laboratory activities was essential and 
preferable to book learning. A key factor in laboratory 
work was doing something with a possible future use. The 
Immediate Area of Being is indicated. G considers 
classroom routine work as boring, (Passive Area of Being) 
while the laboratory is a release from the boredom and 
renews interest (Immediate Area of Being). She also notes 
that activities which apply to real life situations are of 
greatest interest. 


The students, in general, expressed satisfaction with 
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the unit and felt it had been an interesting experience. 


Description of Teacher Meanings ,~Class 1 
Attitudes Toward Science Teaching 


Jones was asked why she chose to teach biological 
Science. She stated that it was a personal interest. She 
had taken Biology as a major at University along with a 
minor in Chemistry. As a result it was comfortable to 
teach in these areas. Earth science taught at the junior 
high level would also be enjoyable. Jones considers that a 
good background in a teaching subject area is required and 
that teaching in an area of interest and competence is more 
enjoyable and rewarding. In terms of personal satisfaction 
She has meanings in the Immediate Area of Being, but in 
terms of classroom competence ene meanings are in the 
Responsible Area of Being. 

Jones was asked to comment on the high school biology 
and chemistry programs in an attempt to obtain her personal 
Feelings on the sciences. She had taught Biology 18 and 298 
plus all of the chemistry courses. She felt strongly that, 
Particularly in Biology 28, an emphasis should be placed on 
local organisms and environment which students can see as 
more meaningiul both in the classroom and the laboratory. 
Laboratory activities can demonstrate local area biology 
better than classroom instruction. These are meanings in 
the Responsible Area of Being as they indicate concern for 


the student, even though the student meanings could be in 
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the Immediate Area of Being. 

When questioned on how she handled lab (field work) 
Jones indicated that lab work in biology takes more 
preparation than an equivalent chemistry lab. Supervision 
of potentially dangerous situations is a requirement of a 
lab instructor. Jones considers the lab of sufficient 
value that she is prepared to do extra work and supervise 
high’ risk @sptuations® to, allow the students® to participate 
in lab activities. Personal involvement with students 
during an activity insures that everyone is doing fine and 
allows for discussion of any question raised. These are 
meanings in the Responsible Area of Being. 

The chemistry course was described as a package of 
workbook-type classroom and laboratory exercises. The 
packages appear to have limitations. Additional labs have 
been developed, along with extra class handouts. MThis is 
necessary because the students tend to see the course as a 
package and limit themselves to the package. The extra 
effort on the part of the teacher to attempt to expand the 
interests of the students indicates meanings in the 
Responsible Area of Being. 

The interviewer asked Jones how she felt about 
teaching. Her feelings were highly positive and felt that 
a person who does not find teaching an exciting and 
rewarding experience probably does not feel good about 
teaching. Positive: imeactions "from "both students and 


colleagues are definite rewards although correcting tests 
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15 
and assignments is not an enjoyable experience. This 
Suggests meanings in the Immediate Area of Being. 

Maintaining student interest (motivation) was then 


discussed: 


Jones . Probably more time should be spent in 
this area. It is a personal teaching 
weakness. The attitude is taken that 
the students are in Biology because 
they want the course and are here to 
Vearne® about, ab, so. let's get. at it. 
The same with chemistry. Ted onwe seu ry, 
towdo wage seligijob «= = you wmaymnotelike 
Dem OtmelOVe mit wDUt  Inmorder tO Wet son, 
let's get down and learn dices 
Motivation could be a major area of 
self-improvement. 


Jones continued by describing some techniques she used 
to keep up Student interest. They include problem solving, 
illustrating things on the blackboard, discovery work where 
possible and as much as possible. Variety is the key; 
abs je cllMs ~ discussions, Note taking is also involved. 
Variety is valued as an instructional strategy in order to 
maintain student interest. This suggests meanings in the 
Immediate Area of Being. The teacher's recognition of 
potential weakness in her motivational techniques suggests 
meaning in the Responsible Area of Being. 

Jones was then asked to describe her expectations 
concerning student behaviour in the science classroom: 
Jones Ground rules are set) out “at the 

beginning of each semester; the rules 
of the game. Students are expected to 
follow the rules and present work at an 
expected level. Expectations are 


discussed; attitude, attendance, 
behaviour and quality of work. Early 
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Gestsyeecxams ande abs ~are Slearning 
exercises for subject material and 
teacher quality of work demands. This 
sets acceptable behaviours and 
everything rolls on from there. 
Setting ground rules early into a semester is valued by the 
teacher and, in the opinion of Jones, the students as well. 


Meanings are in both the Passive and Immediate Area of 


Being. 


Laboratory Organization, Instructions and Procedures 


A description of student activities was requested. 
Jones “noted” that the “first ‘two activities could probably 
have been completed in one day. Problems had occurred with 
Students remembering instructions. If the data sheets had 
included an outline of the precise measuring steps there 
would have been less referring back to their instruction 
booklets. This had been feedback from the whole class. 
The teacher is prepared to listen to constructive comments 
from her students and act upon them where possible. This 
indicates meaning in the Responsible Area of Being. She 
also values the traditional “scientific method" approach, 
With its: well organized’ and clear Vab procedures, ease of 
data recording and efficient use of time, meanings in the 
Immediate Area of Being. 

The teacher had permitted the students to organize the 
lab work distribution on their own. She had however 
arranged’ groups of four Students: They seemed unable to 


successfully aloe workmons their own and tor the firscetwe 
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outdoor activities there were too many students in a group 


for the number of activities to be done: 


Jones Some would watch while one did the work 
or one would read out the instructions 
while another recorded data and tried 
to keep warm, one did nothing and one 
does the activity. If two had been 
working at the same time on Station A 
and at Station B, all would have been 
working at the same time. 


Jones expects the students to take responsibilities 
for their activities, a meaning in the Responsible Area of 
Being. Labs are valuable as long as the students 
experience and work at an activity. She views student 
participation as to the students' advantage and is thus in 
the Responsible Area of Being. However work for the sake 
of being busy Suggests meanings in the Immediate Area of 
Being. 

The teacher was asked about the time required to 
complete the unit, which had been reduced for the reasons 


described in Chapter 5: 


Jones An extra period could have been used 
butmactivity =one “still Bprobably scould 
have been done in a single period. Use 
the procedures had not been a problem 
Enis would have been possible. 
Rereading, warming up, etc. took up 
time. A full tperniod etror speolings data 
and doing the reading assignment would 
have been helpful. The students had to 
throw up their data on the board and 
then class results were calculated. 
Time was needed for the unit. 


Time is noted as a requirement for obtaining maximum 


Value (from) ar Lab. A lab, 1£ pushed, results in disorgan— 
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ization and reduces the learning experience. The pooling 
omreclassmdatamallowse tors class discussion “andisharing of 
ideas but requires time. These are meanings in the 
Responsible Area of Being. 

Jones was asked to give her general opinion of the 
unit: 

Jones It was good and I liked what it was 
trying, to achieve. What. i1t set out to 
do it did well. For a Biology 29 level 
courses Tt) was (extremely straight 
forward and possibly could have been 
more demanding, taxing their intellect 
a bit more. For example, questions on 
ski-doo regulations; organisms affected 
by ski-doos; go out and observe animals 
actually living in a subnivean environ- 
ment, something that goes beyond the 
activities, 

The initial meanings given to the unit by the teacher 
are in the Immediate Area of Being. The concern shown for 
more challenging material including man and other organisms 
in the environment expresses meanings in the Responsible 
Area of Being. The activites were also described as being 
fun, teacher preparation time minimal, and equipment simple 
to build sand jput together. —Thvsmsuggests meanings In) the 


Immediate Area of Being. 


Jones noted that the unit took some organization but 


not an excessive amount. Lie yanwrannlyssmoothly sand =Sire 
was pleased with it. Jones SuggestS meanings in the 
Immediate Area of Being. She values labs which she 


personally £inds interesting. In recognizing the effect of 


time restrictions in the unit she was prepared to accept 
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late assignments if submitted within reasonable limits, 
Suggesting meanings in the Responsible Area of Being. 

The teacher was asked to describe the conditions under 
which the outdoor activities had been run. The intense 
cold and lack of snow were mentioned as definite problems. 
Some students were not prepared for outdoor work although 
pre-warned. However, the students seemed to enjoy their 
work. The teacher indicated that the apparent enjoyment of 
an activity by students is a measure of interest level and 
theresuccess of 9a slab activity,  (particubarly $15" under 
adverse environmental conditions. This suggests meaning 
for both students and the teacher in the Immediate Area of 
Being. 

Jones was questioned on her familiarily with snow 
ecology. She indicated that it was new material and 
actually not read over in advance. She waS aS amazed as 
the students with the effectiveness and ease of building 
the snow shelter and the good results obtained. She 
mentioned further student reactions: 

Jones Some students suggested using a candle 
in the quin-zhee and wanted to try it 
out. One mentioned that his/her father 
Said that a candle should be kept in 
Ehee caren winter. This could lead to 
gneexteraraCcCtaivaicy. 

The teacher was asked if she thought that the 
objectives of the unit were achieved. Her response was in 


the affirmative. However she had problems with the 
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Jones MarkS were extremely high. The 
acitivites led the students Ee) 
conclusions so nicely that answering 
the questions became very easy. The 
results of the activities were so good. 

This “could "bes =both “a, positive “and 
negative aspect of the unit. 

The teacher desired a better distribution of marks, which 

seemed to her to be generally too high. She notes that a 

successful lab must achieve its pre-determined objectives 

and produce data leading to clear conclusions and relation- 
ships. These are meanings in the Immediate Area of Being. 

Labs must also demand extended thinking and the application 

of the information learned suggesting meaning in the 

Responsible Area of Being. She has mixed feelings about 

high marks, preferring evaluations which discriminate 

between student achievement rather than having a criteria 


referenced base. This suggests meaning in the Immediate 


Area of Being. 


Activities, Assignments and Laboratory Evaluation 


The teacher was asked to comment on the evaluation 
guidelines. Jones stated that the suggested marking grid 
Was SO) Stralgntionward that) ituswas dateicult, to take oLft 
marks. She preferred a grid that emphasized interpretation 
and=scsnelustons, which = would =thenmiprovide a spectrum of 
marks instead of a general high success rate. The teacher 
in her own lab evaluation has students write out a lab 
procedure, collect and record data and answer questions 


arawingy chen =to sconclusions, Marks are assigned to the 
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questions, not the actual results obtained. The synthesis 
of the data is the most important part. 

The teacher does not see the procedures used by the 
Students, eckfort, or data collection itself, of great value 
in the evaluation of lab work. This suggests meanings in 
the Passive Area of Being. 

The —Geacher ‘sees a value in a “participation” mark 
only when the students perform a lab with above average 
effort sand initiative, not just for the “sakessof activity 
and/or marks. The apparent effort may thus be due to the 
mark value and not the personal) gain from it. Her view of 
participation marking is in the Responsible Area of Being 
whereas she sees the students often in the PasSive Area of 
Being. There appears to be some value in marks as a 
motivating force, implying meanings in the Immediate Area 
of Being. 

Jones Nad used the Snow unit as the basis for the 
Project Section of the Biology course. It had not been 
designed for this purpose. She was asked how it would have 
been marked if it had been simply a lab unit. Jones 


replied that the marks for participation might have been 


lower: 

Jones The smark “value of “the unit was high 
enough to have the students really out 
giving “their darndese, Everyone was 


trying to impress me somehow because of 
the assigned "participation" mark and I 
was watching... They worked above and 
beyond, helping others, and had their 
quin=-zheer buidt mt the ‘start of ene 
class. 
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The teacher added a few more general comments. She 
enjoyed doing the activities. Setting up" Lhe unit since 
parts 1 and 2 was effective. Because of the reduced time 
available the students were asked to proceed at their own 
speed but as quickly as possible. As a result, at one time 
half the class was outside while others were still working 
in class, because part one had to be completed before part 
two was given out. These time limitations caused problems 
in the submission of lab reports. Marks were deducted if 
they came in too late, in order to put pressure on the 
Students. This suggests meaning in the Passive Area of 
Being for the teacher. If students viewed the penalty 
clause as the only reason for submitting a report, their 


meanings are also in the Passive Area of Being. 


The Laboratory as a Learning Experience 


A question was asked to obtain the teacher's opinion 


of Laboratory work “in the biological "sciences: 


Jones They are necessary. ie Se Cong 
science", Not doing labs would be a 
step backwards. There is a stress on 
content at the sénior high school level 
but more lab/activity work, such as 
pond studies and snow ecology, is 
preferred to memorizing things about 
biomes. A pond study in the fall; snow 
ecology in winter. Tests on materials 
are necessary and content has to fit in 


the time available. Lab activities 
shoulda “beta” compulsory “part cL the 
course. 


Jones describes the lab as a highly valued part of a 
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biology course. Its hands-on activities are considered a 
highlyeusiqniticant s partes of elearnings® science, amportant 
enought to be compulsory. The student is viewed as 
benefiting from the lab experience in a way simple content 
cannot equal. This suggests meanings in the Responsible 
Area of Being. Tests and content appear to reflect 
meanings in the Immediate Area of Being. 

I suggested to Jones that everything taught in a lab 
could be taught in a classroom setting and probably with 


more efficiency: 


Jones No way. It was worthwhile for the 
Students to go through the discovery 
process. For ,example, the artificial 
pond study done last year. There was 
great excitement in the class when they 
discovered sDaphnia | giving birth, its 
pouches bursting. Tie ewasmeexci ting: to 
allio & sus. They were all interested, 
Saying —slook (ateithi's ; PSnveel taineatic 
Willa) Caaisremmeit bdyS) Pan Even identifying 
Species, so recall -“boring™ “guide ‘on 
who's who, was thought to be just 
Ehriling,. Leg wasera, lot oho tun. al 
would hate to have to draw or throw up 
a transparency and say that it was 
Daphnia, a water flea. For them to 
discover themselves was much better. I 
do not agree with the idea. 


Her use of the term “discovery” is in terms of a guided 
learning experience. She observes that when "boring" work 
becomes exciting to students, the value of the laboratory 
activity is more than justified. The hands-on experience 
Simply cannot be duplicated in the classroom. The teacher 
views the lab as an educational experience which has 


Significant value to all concerned. This suggests meanings 
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in the Responsible Area of Being. 

Jones identified a general problem encountered in the 
classroom which also had implications in laboratory work; a 
lack of student desire to read. They would sooner ask than 
Sit down and read instructions. They know teachers will 
provide the answers: 

Jones Im personally, try towwork on this. af 
allow only so many questions per person 
in® aselab. situation. "Don't ask me! 
That is the easy way out. Read it". 
In their anSwer to questions I am 
appalled at their comprehension. They 
talk about things not asked. AS a 
science department or teacher, an 
objective is to help them in this area. 

Jones' description of student reading interest 
indicates that they have meanings in the Passive Area of 
Being. Her concern for the students “and sattempts “to 
improve their reading habits indicates meanings in the 
Responsible Area of Being. 

She extended this concern to aspects of the snow 
SColLocgyamunit  ,» eS peClml ca li Vert nvemeeta ll lain Utne sD Lane 
assignment. Additional questions which required the 


Student to write or formulate sections and reword ideas, 


rather than just use words, seemed necessary: 


Jones They may not have got as much out of 
the article as it appeared. More work 
on their part was needed. Possibly 


four questions which require five to 
six sentence answers would help build 
up their writing Skee and 
comprehension level. It also resulted 
in a better mark distribution because 
lazveastudentS eiwonwte do. ite sithey: ecan 
cL ii tne blanks. chougn. 
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Her comments again reflect concern with reading ability and 
she suggests positive changes in the snow unit which would 
help with student comprehension and writing skills. This 
Suggests meanings in the Responsible Area of Being. She 
notes that lazy students like the minimum of work but says 
nothing about the slow learners in a class. This indicates 
meanings in the Immediate Area of Being. She continued 
along similar lines: 
Jones The student preferred doing the snow 

unit to a regular research paper. At 

20i%t— item athe sh tanals (com, se Memark eu let 

appeared to be an easier way of getting 

grades. 
The teacher indicates that when students are given the 
choice they will take the easiest route to obtain good 
grades at the expense of more challenging and rewarding 
work. This suggests that she assumes the students have 
meaning in the Passive Area of Being. 

From a personal point of view the teacher noted that 
the snow unit did not require any special background know- 
ledge of winter ecology. The teacher thus felt secure in 
presenting the unit to the class, a factor considered to be 
of value when determining whether to attempt an 
investigation. Other characteristics of value include labs 
which motivate students to think about additional self 
designed activites, and labs which impress the instructor, 


thus raising teacher enthusiasm which in turn has a 


positive -ettecteson, students ts attitudes. These are 
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generally meanings in the Immediate Area of Being. 
However, when Jones notes that positive teacher attitudes 
have positive effects on the students, the meaning is in 
the Responsible Area of Being. 

When asked if she had a reaction to the mandatory 
inclusion of the unit in Biology 28, Jones' reaction was 
positive: 

Jones I hope to do it again anyway when next 
teaching Biology 20. fG is a problem 
in the first semester due to lack of 
Snow and low temperatures but in the 
second semester it is ideal. If there 
were outdoor problems then library type 
studiesPcould@helpsbackwit up. 81 Like 
the topic. The students were extremely 
interested in snow ecology. An 
appendix at the end of the unit 
including Si reseancha, topes,» Source 
books, etc., would be valuable. This 
would help if a full research paper was 
to be prepared. 

The positive view given to the unit as the result of 
personal interest in the topic and observed student 
enthusiasm and attitude toward the unit are meanings in the 
Immediate Area of Being. When the teacher suggests 
improvements which would be beneficial to the students the 
meanings are in the Responsible Area of Being. 

The teacher was asked if there appeared to be any 


application of material learned to everyday life of the 


student: 


Jones Time was needed to draw loose ends 
together. The students were surprised 
at the ease of making a quin-zhee and 
his, swarmtnrs At least one student 
mentioned its value if stranded in a 
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Carn nor eskiing. The students appeared 
to come away with the idea of Snow as 
an insulator. Although the students 
appeared to suggest a warming trend 
under the snow, their predictions were 
bar o£f the actiial results. The “actual 
warmth and high termperature were 


Surprising. Predicting results” prior 
to the activity made them think in 
advance. 


Clear and surprising results make the results of a lab more 
effective. This indicates meanings in the Immediate Area 
of Being. Applying the information to potential future use 
would suggest meanings on the part of the teacher in the 
Responsible Area of Being, but from the students’ point of 
view, only in the Immediate Area of Being, unless the 
knowledge was used to help or instruct others. The teacher 
considers the prediction exercise before the activity as 
making the data collected a more effective learning 
experience for the students, indicative of meanings in the 
Responsible Area of Being. 

Jones was asked for any final comments. She 
considered that a good lab exercise concludes with an open- 
ended situation which challenges a student to think more 
about the information learned: 

Jones In the quin-zhee lab report there are 
areas of expansion possible; areas 
which could challenge the student. For 
example, would they use a candle in the 
shelter? What would be the drawbacks? 
How would they overcome the carbon 
monoxide build up or, as they say, 
oxygen depletion? How would they 
change the design? Could they even 
draw diagrams of different styles of 


shelters they would like to try to 
build? "Talk aboutethe pros’ and cons “of 
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each design. How could you overcome 
wind blowing in the door if no cover 
waS available? Just to get them 


thinking about the things they did. 
The teacher views the snow ecology unit as extending 
the students' learning beyond the immediate laboratory 
experience. The meaning appears in the Responsible Area of 


Being. 


Summary of Student and Teacher interpretabions, Class l 


Passive Area of Being 


A number of students noted their reluctance to 
Participate in animal dissections, Suggesting that an 
apparently distasteful situation can considerably reduce 
the value of laboratory work. Malfunctioning equipment and 
Ene inabii voy .of -Studencts-) to "comple te required Sdatea 
collection, ‘whether due to lab conditions or time, often 
bed to frustration. A few students also noted that they 
liked labs in which they knew the results in advance and 
were not required to make conclusions. Physical 
aPscomeort, such as the intense cold during the unre, may 
also have negated the positive aspects of a laboratory 
experience. 

The teacher mentioned a lack of responsibility on the 
part of the students to properly organize themselves and to 
Share the work load for data collection. Prescribed group 
sizes seemed necessary. 


Some students indicated a reluctance to read 
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instructional materials in depth, which caused procedural 
dtEerreueres Fin “ther! field: The teacher noted that many 
students had to be "forced" to read and that reading was a 
general problem, not limited to laboratory work. Students 
noted that a required reading assignment in the snow unit 
was probably done in depth only because of the mark value 
assigned =to lt. 

All participants gave indications that marks might, in 
some cases, be the prime reason for completing work. Some 
Students also suggested that a teacher marked fairly if the 


mark was quite high, also implying the converse. 


Immediate Area of Being 


The participants recognized a number of factors which 
they considered characteristics of a good lab experience 
which had been exhibited in the snow unit. Procedural 
information must be well organized, appear to follow a 
logical sequence and provide clear instructions. Reading 
the materials is usually no problem but is enhanced if the 
topic has a high interest level. The students also 
mentioned that interest in their work generally overcame 
che Particularly poor conditions (weather) which were 
experienced during the snow activities. Interest was also 
increased by teacher enthusiasm for an activity and by 
requiring students to predict results in advance. 


A laboratory should be organized in Such a manner as 
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to keep teacher preparation to a minimum and not require 
the teacher to have an extensive background ,in the lab 
COD TC. 

A laboratory report, plus its evaluation, is expected 
following an activity and is seen as providing extra 
incentive for doing the exercise well. The students and 
teacher consider that ™ analysis cf data and the drawing of 
conclusions is of major importance and that any assigned 
mankswe should. be=eweighed™= an® Eavyour “of this’ ‘area’. The 
Stugentsmdo wish) towcbtain clear, distinct data which can 
be; succsstully “analyzed. The teacher also mentions that 
questions which demand more extensive analysis are required 
in order to obtain a wider range of marks, which was one 
desired effect. 

The lab experience is also seen to be fun, personally 


enjoyable and a break from regular classroom routines. 


Responsible Area of Being 


The teacher considered WVaboratory work to be’ “an 
integral part of any science programs. fteeis ee! doing,” 
science. The work and learning cannot be dupliated by 
regular classroom instruction. Students need to see things 
for themselves in “a hands on situation. The results are 
increased interest, enthusiasm and a desire to learn. The 
teacher sees the use of local organisms and the environment 


as providing students with a more meaningful experience. 
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Student viewpoints mirror the teacher's impressions. 
First hand observation, not reliance on the written or 
spoken word, is essential. Facts @are no longer sjust 
tfacts - Personal decisions are involved. They consider 
thateeparticipation Yappeanse to make learning concepts 
easier, improves long term recall and their interest in the 
subject matter is greater. The lab is a more effective 
learning experience than classwork alone and if there are 
any practical applications of the activities beyond the 
classroom, all the better. 

All participants noted the importance of sufficient 
time) aS san. ,overall factor in. laboratory work, probably 
emphasized by the ack. of it during the unit. Students 
were concerned with accuracy in procedures and data 
collection. The teacher noted that time was required if 
meaningful discussion and comparison of data was to be done 
when pooling each group's information. 

The teacher noted that laboratory work often involves 
a high risk situation and requires careful supervision on 
the ongoing activities. Nevertheless the positive effects 
of the laboratory experience on all the participants are 
such that they overweigh the negative aspects. Where 
activities are weak or non-existant, the teacher is 
prepared to supplement, modify or develop investigations. 

The teacher thought that lab reports are effective in 
making the students analyze their work and develop definite 


conclusions. Marks should be assigned accordingly. Some 
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Students suggested that they desired questions which 
required higher level interpretation of the data. The 
Students felt however that some consideration, reflected in 
thesiqrading” of alsreport;, be? given to unusual ore extra 
effort when noted by the teacher. 

Following the unit the students and teacher were 
sufficiently motivated to suggest changes and additional 
activities. They considered the open-endedness of an 
investigation as being of high value. 

The highlight of the unit was the construction of the 
quin-zhee. It appeared to exemplify those aspects of the 
laboratory experience valued by the participants. Most saw 
the activities as also providing them with something of use 
Subside ithe school Msetting:. As a result two students 
duplicated the quin-zhee activity to show others the 


potential value of the knowledge gained. 


Descriptions of Student wMeanings Class) 2 
Background in High School Science 


Three students, designated H, J and K, volunteered to 
participate in the interview session. The opening question 
asked the students to describe previous experience in high 
school science. Two indicated that they had completed both 
Biology 18 and Chemistry 198, the other had taken Biology 19 
Sniliy. They were all familiar with laboratory activities 
and they mentioned biological dissections and microscope 


work aS well remembered experiences. The interviewer now 
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turned to the snow ecology unit. The students noted that a 
number —“ot activities "“had==taken place “including™ the 
measurement of snow densities, examination of snow strata, 
recording of temperatures and construction of the snow 


Shelter or quin-zhee. 


Laboratory Organization, Instructions and Procedures 


The organization of the student booklets was 
discussed. H and J thought the material was organized in a 
logical sequence and the reading level not difficult. H 
mentioned that the materials in Book 2 were more difficult 
than in Book 1. More difficult work should be explained in 
class "and vcovered, step by «step. This would clarify the 
little things you need “in order to» proceed. H suggested 
that there would be more benefit from the activities if the 
teacher would give an overview of the entire unit. These 
are meanings in the Immediate Area of Being. J stated 
dissatisfaction with the Inuit terms (Scientific language) 
used in the booklets and indicated a preference for a 
minimum of new terms. J also thought the teacher should go 
over the materials in class and tell the students what to 
do in a step-by-step manner. This indicates attitude in 
the Passive Area of Being, Since the student is not 
prepared to accept the responsibility for becoming familiar 
with the activities on her own initiative. Ke also 
reflected similar opinions. 


One of the class activities involved the manufacturing 
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by the students of some measuring devices from local 


materials. The snow sampler did pose something of a 
problem: 
J There were problems with the snow 


sampler. They were too flimsy. Proper 
equipment should. be provided by the 
teacher. Using poor equipment for lab 
work is not desirable. 

J indicates little personal satisfaction from using 
self-made equipment. Sturdier and more accurate teacher 
supplied equipment was desired. The student considers 
accuracy of meaSurement in a lab to be a valuable feature. 
Although the idea of using student made equipment appears 
to be in the Passive Area of Being, the concern for 
accuracy in data recording suggests some meaning in the 
Responsible Area of Being. 

The recording of laboratory data was then discussed. 
H and J found the prepared data recording forms useful and 
easy to use, The formal lab report (results/discussion 
form) ranged from reasonable tasks to more difficult ones. 
Many of the questions made one "think hard" and beyond the 
information collected. K considered that this feature was 
a valuable part of the lab activity, indicating meaning in 
the Responsible Area of Being. K could see no value in 
recopying data from the field records to the lab report but 
liked the idea of questions that made one extend his 
thinking. 

A Specific question was directed to problems 


associated with the graphing of temperatures within the 
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snow. All students indicated few problems with graphing. 
H and J suggested that graphing techniques learned during a 
population study unit made the work simpler. Both stated 
that they valued the use of techniques from one area to 
another. These are meanings in the Immediate Area of 
Being. J then mentioned that eretesot rion unit they had 
been studying had been interrupted in order to begin the 
Snow unit. She felt that this disrupted the unit and was 
not the appropriate thing ‘to do. This idea is in the 
Immediate Area of Being as it does not indicate a concern 
for others in the class who may also have been affected, 
which would have indicated meaning in the Responsible Area 
o£ Being. 

At this point K interjected that there had been a 
problem noted when doing the actual temperature recording. 
The thermometer had to be read the instant it was taken out 
of the snow to record the snow temperature. Some groups 
were Slow at their reading. Accuracy in recording data is 
of high value to the student (Immediate Area of Being) and 
data should provide meaningful information to everyone 
(Responsible Area of Being). 

Predicting results in advance of a data recording 
activity was a feature of the snow ecology unit. When 
questioned about it, the students indicated that it made 
the lab more interesting since it was a check to see what 


You. Gld Or i denot Know, These meanings are in the 


Immediate Area of Being. K uncovered a problem: 
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K With regard to the prediction required, 

everyone basically knew it would be 

warmer under the snow at the bottom 

layer. btiaewasr hard ‘to 4ecompane 

temperatures Since the "prediction" air 

temperature was different from the 

actual air temperature. The snow was 

about 42 cm deep and the gemperature at 

PEne sboOtromeabout Ba tos 1 Cs 
K prefered to predict using the actual ambient temperature 
as a Starting point to enhance the results, meaning in the 
Responsible Area of Being. The apparent knowledge of the 
Sub-nivean temperatures, however, seems to have reduced the 
effectiveness of predicting. It had to be done anyway. 
This indicates meaning in the Passive Area of Being. 

The cold weather conditions were stressed by all 
Students. H and J stated that few students were prepared 
(clothing) for the first outdoor assignment but made quick 
Conrections, bor the next activity. By the final exercise 
the weather had warmed up somewhat and was more tolerable. 
Neither mentioned any problems with the first outdoor 
ACTAVIty. Although the harsh weather made the field 
activities less enjoyable, the lab activities were of 
sufficient interest for them to want to continue with the 
ices These meanings are within the Immediate Area of 
Being. When one of the students in H's lab group mentioned 
having to read the instruction book while outside, the 
Students felt it was their own fault for having to do so. 
This indicates meanings in the Responsible Area of Being. 


K was unprepared to —perform, the farst activity. She 


haa read the, instructions but was still not sure what tos 
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K There was a lot of standing around and 
reading instead of doing the 
activities. More teacher discussion on 
what the activities were all about 
would have helped. More class time was 
needed. The, class > was ‘told only to 
read to page so and so. The material 
was given the previous period and 


everyone was told to read it. Class 
time should have been given to do the 
reading. 


The student prefers not to attempt unaided investigation 
because of the extra effort involved. Class time rather 
than student's time is preferred for assigned work. This 
indicates meaning in the Passive Area of Being. 

The students apparently liked a lab group size of from 
three to four members. However, K thought that a large 
group (about 18 students) could build the snow shelter more 
effectively since it would involve less physical work per 
person. This indicates meaning in the Passive Area of 


Being. 


Activities, Assignments and Laboratory Evaluation 


The discussion turned to the reporting of laboratory 
work in general and of the snow unit in particular. H 


indicated the necessity of some type of final report: 


H It makes you concentrate on the work a 
bit more, since it will be marked. 
Without a report people will just fool 
around and not pay attention. With an 
evaluation there is more of an attempt 
to get something done in the lab... 
The report makes you learn more because 
answers have to be written down and 
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thinking is required before you do. 

The student would not put out maximum effort unless some 
Geward@ was erorGnicomand;eparcicularly marks. This meaning 
is in the Passive Area of Being. The student takes little 
er no responsiblity for her actions. However the student 
does recognize that “there =is= value to writing a report 
because learning appears to occur by doing so. This is in 
the Immediate Area of Being. Students =3 and K ‘concurred 
Witily alte J saw even greater value in the report as a 
learning experience and noted the retention value of 
Whiting) sUup= data’ “and analyzing» 1t. This would suggest 
meaning in the Immediate Area of Being. 

J* stated™ that a good "portion of the “assigned mark 
given to a report should be based on the actual 
Participation of the student as well as the accuracy of the 
data ‘collected. This idea is in the Immediate Area of 
Being as it suggests the student is concerned with doing a 
good job with the required activity. All three students 
Stated that the evaluation of their laboratory work had 
been fair. No fttrther discussion Jarose “concerning 
reporting and evaluation, indicating that it was of minimum 


COncern. 


The Laboratory as a Learning Experience 


When asked their general opinion of laboratory work 
all three indicated that laboratory work was a break from 


the regular classroom grind which, K noted, was boring. 
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This suggests a meaning in the Immediate Area of Being. 
The students appeared not to view the laboratory work as 
much more than an imposed activity. However, J expanded on 
the meaning: 


J You get something by doing a lab. The 


material is explained to you in more 
detail than if you just read about it 


and did not experiment. You have a 
better understanding by doing. ie Srons 
participate you understand more. 

The opinion expressed appears to be in the Immediate 
Area of Being. The student sees the laboratory as a means 
for self improvement and greater understanding of the 
Principles being studied. H noted that laboratory work 
with’ potential application “outsides the school is’ of 
particular value, and would indicate a meaning in the 
Responsible Area of Being. K stated that a good lab must 
hold your interest: 

K If you don't understand why something 
must be done, like some dissections, 
there is no personal involvement. 
Dissection labs were not good. 

K does not apparently show any desire to take 
initiative in determining the worth of the dissections and 
SuggestS a meaning in the Passive Area of Being. When 
further questioned on the dissections both H and J 
indicated displeasure with the fact that once living 
organisms had to be handled and the working conditions 


included unpleasant odours. Their reponse also must be 


considered to be in the Immediate Area of Being. 
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K viewed outdoor activities as rating higher than 
indoor labs as the classroom setting can be left behind. J 
noted that since biology studiess lite, soutdoor activities 
involved the real world and thus are of more value. Where 
K sees both classroom and outdoor experiences more in terms 
of the Passive Area of Being, J appears to give it meaning 
in the Immediate Area of Being. 

H described a bacterial study and indicated it was a 
valuable experience because it revealed data on organisms 
which are normally not observable. This comment is in the 
Immediate Area of Being. K also stated that bacteria 
electing didn't seem important and probably was not worth 
doing. This response is in the Passive Area of Being as it 
indicates a measure of boredom and disinterest. 

The discussion turned to the influence of a teacher on 
the student's attitude toward laboratory work. H stated 
that a positive attitude on the part of the teacher 


increased student interest and the value of the lab: 


H In Chemistry, the teachers gave the 
impression of wanting to do the lab 
themselves. They were always moving 


around, helping. If the teacher likes 
doing the lab work it probably helps 
make it more fun. 


H sees the teacher as the significant influence on her own 
attitude ts the laboratory, not her personal interest in 
the. subject. The meaning is in the Immediate Area of 


Being. J mentions that the main effect of the teacher has 


been to shift the emphasis from teacher centered activities 
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at Junior High to more student centered responsibilities at 
the Senior High level. This suggests values in the 
Responsible Area of Being since the student is prepared to 
take part in the decision making process, within the limits 
Sterthe wlaboratory “situation. K had no comments about 
teacher influence. 

When asked specifically whether laboratory work was of 
personal value K responded that she was not sure that 
science in general was useful, and found it hard to decide 


if there had been personal gain from the laboratory: 


K Something was learned from biology but 
not much. Not really wanting to learn 
is a problem. Biology was not very 


interesting. 
K sees laboratory work as of value only if the subject 
matter or course is itself interesting. Labs are also of 
value mainly because they break up class routine and not 
because the activity is interesting. Since she takes no 
responsibility for the laboratory experience, K'S meanings 
are in the Pasive Area of Being. 

Although H and J agree that labs break normally boring 
class routines and thus are "fun", they note other more 
positive characteristics. The anteraction “with other 
Students, ereedom to talk Sand» discuss, increased 
comprehension of the subject matter plus a "seeing is 
believing" effect are valued: 

H In lab activities you get with other 


people. You) canl talk. You learn 
something better also. In chemistry 
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for example you can read about a 
reaction producing a coloured 
precipitate. If you can actually see 
it done it is better. 


K You comprehend better because you see 
it, not just read about something. 


Both students have values generally in the Immediate Area 
of Being. However in situations where real observations 
are made the students do make a decision on their 
acceptance of a teacher's or text's information which 
Suggests the Responsible Area of Being. 

The most popular activity in the Snow unit appeared to 
be the snow shelter activity (quin-zhee construction). All 
three students concurred that it was fun to construct the 
quin-zhee and there were no problems in making it. The 
Students all considered that the activity was valuable 
because of its potential usefulness: 

H It was warmer inside. It was a 
valuable experience, especially with 
the winter conditions this year. 

J It was warm inside, especially with 
people in it. It was about freezing. 
If ever you are stranded in the cold, 
Vou coulda” bui ld?eone tom keep ™ from 
freezing ... baSic survival. 

The students saw the activity as having a practical 
application to their own personal lives in an emergency 
Situation. This indicates meaning in the Immediate Area of 
Being. If their concerns had included others, meaning in 
the Responsible Area of Being would also have been 


indicated. The students were then asked how they would 


have reacted to the unit if it had been taught entirely in 
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the classroom without the actual investigation. K simply 
Stateds that it would not go over with a class if it was a 
classroom eoriented: activity without. field work. To have 
value the lab portion was necessary: 

J It could not be done. Being told the 

effects of snow on temperature would 

not help the student. The student must 

do ‘the’ activity. This would increase 

understanding of how and when I got the 

results. 
H The unit if simply learned in class as 

facts would not be as effective. Being 

outside doing it is better. It is more 

interesting when doing it by yourself 

and you pay more attention. 

While H's comments are in the Immediate Area of Being, 
J shows some concern for making personal decisions. This 
comment indicates meaning in Responsible Area of Being. 
Both H and J considered that the snow ecology activities 
were the best lab experience to date, a worthwhile 
experience and that the unit had the qualities of a good 
igeteye 
K discussed the unit with some friends not in the 

class because it wasS an unusual type of activity and she 
had a good time doing it. She did not really see why this 
or other labs are being done. Labs are a necessity in 
order to complete course requirements. Labs have meanings 
to her that are in the Passive Area of Being. She did note 
that labs having information which could be of use at a 


later time had a higher value. This meaning is in the 


Immediate Area of Being. 
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Only J discussed the snow unit at home, but only 
because her parents' wanting to know why shovels had to be 
taken to class and the purpose of making a snow sampler. 
This indicates that the materials were not of sufficiently 
high interest to discuss them outside the school setting. 
This would suggest meaning in the Passive Area of Being. 
However, J agreed that the snow information could be useful 
in an emergency winter situation and that prior to studying 
the unit, using snow to help survive winter conditions 
would not have been considered. An altered view of snow in 
the winter environment had occurred. This indicates 
meanings in the Immediate Area of Being and borders on the 
Responsible Area of Being. 

Although H was interested in the unit (Immediate Area 
SEeBetnd) sit aid Not appear important enough to ‘discuss 
outside the school situation. H saw the concepts learned 
as usable if stranded outdoors in winter. She was not sure 
whether similar survival techniques would not have been 
used in any case. 

The students were asked to express their reaction if 
informed that they were to take a similar unit in another 
course: 

H If a similar unit was to be included in 

Biology 30, it would be looked forward 

to. It would liven up the course. 
This suggests a positive attitude to the unit by H and 
meaning within the Immediate Area of Being. H also noted 


that it was fun to do, provided useful information and 
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woulde) probably a bes Che shighlighntw of Biology 20. These 
meanings are in the Immediate Area of Being. 

J reacted in a similar vein and added that outside 
activities were preferred to indoor labs. This indicated 
that interest in the activities are sufficiently high that 
a second study unit would be welcomed. These meanings are 
in the Immediate Area of Being. The outdoor activities 
were seen as involving the real world and as such indicate 
meaning in the Responsible Area of Being: 

J The lab activities are considered a 
good experience, interesting and 
providing basic knowledge. Other labs 
often have common knowledge you can 
learn. The snow unit had something to 
do with possible future use. 
Potentially useful labs are _ good 
although all labs can't be completely 
practical. 

J recommended the unit aS mandatory for Biology 204. 
The student sees the activities not only as personally 
valuable (Immediate Area of Being) but as being valuable to 
others (Responsible Area of Being). 

K noted that she supposed if this type of unit was 
included in a future course it would be something of 
Interest.) but, neterring to; ythe Goold, “Lt would) also be 
nice’ to do in summer”. The Unit activities did not overly 
interest the student. The facetious remark about Summer 
indicates that the physical discomforts while doing the lab 


were more important than the concepts illustrated or 


knowledge gained: 
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K Something of use was gained from the 
unit, unlike dissecting a Erog which 
was not useful. Usefulness is good in 
ae vab. You can't have labs everyday. 
Once in a while is good. 
The meanings of the laboratory experience to K appear 
within the Passive Area of Being. Only suggesting the 


possible usefulness of lab work indicates any meanings in 


the Immediate Area of Being. 


Description ol Teacher Meanings, Class 2 
Aetlcudes@ioward sciences leaching 


The teacher was asked to describe his academic 
background and why he had entered the teaching profession. 
He indicated that he initially received a degree in the 
Sciences, had worked in the commercial field for a few 
years, then completed his B. Ed. at the University of 
Alberta. Teaching did provide some freedom to pursue other 
interests during the holiday periods. 

When asked to express his opinion on teaching as a 
proLtession, Ne Indicated thatwit has: not been” “too bad". 
It had its ups and downs. "I guess if you do something for 
eighteen years you must like 1 or you are stuck there”. 
Smith does not appear to consider teaching an ideal 
occupation, thus his comments suggest meanings in the 
Immediate Area of Being. 

The teacher was questioned on the subjects taught 
during his career. He indicated that they have included 
Diology, sdtdtting, sociology, — geography Sand “general 


science. Biology has always been one of his teaching 
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assignments. SMitnigwas —cCentainly familiar with the 
Province of Alberta biology program and preferred to teach 
in this area. He also noted that to prevent teaching 
—Sstagnation. ye slikess tou Instruct “ln other areas «since 
"something new keeps you going". This suggests meaning in 
the Immediate Area of Being. 
Smith was then asked the extent to which the lab plays 

ay role in his: piclogy classes... He stated that “although a 
reasonable amount of lab work is valuable, the need for 
preparation time reduces the amount actually done: 
Smith Not as much as what is desired to what 

I think would be ideal. Lab exercises 

or proper lab experiences for students 

avert revoult., They take a lot of 

preparation time on the teacher's part. 

WenuSstenonestiy canbe that. 1 don. t) do 

as Much ase. Should. 
Meaning appears to be in the Immediate Area of Being. 
Smith went on to indicate that in Biology 38 he attempted 


about, a dozen labs, which included both teacher 


demonstrations and lab experience situations. 


Laboratory Organization, Instructions and Procedures 


Itorder £6 initiate discussion on Specitie Laboratory. 
work, questioning was now directed toward the snow ecology 
UG te. Smith was asked how the students responded to the 
erin tas 
Sm Lich ie was essentially generally 

favourable, Some of them of Course are 
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because of that, regardless of how it 

would be set up, would not be really 

tuUpned son by at. 
Smith also added that students did not mind going out and 
he saw this as a response to classroom monotony. Both the 
teacher's and student meanings are in the Immediate Area of 
Being. 

The teacher was asked how he had introduced the unit 

topshiseclass: 
Smith The unit was introduced by giving the 

basic reasons for doing 12 eand 

generally what they would be expected 

towdo.§ [shad not ereally taken) or had a 

Chance to, take “the vopportunity to 

LigGunge. Out, (Or read through the 

exercises to be able to tell them 

precisely what they would be doing. 

The first time through was like an 

opening night performance and you 

flounder from one experience to the 

next. 
The teacher had not become familiar with the package of 
materials. Specific details on field techniques and 
sampling were not discussed in class. Familiarization with 
a lab activity allows for a more effective introduction to 
the topic in class. This suggests meanings in the Passive 
Area of Being. Smith noted that the package of materials 
provided was sufficiently complete so that a student who 
can read and think a bit should be able to follow the 
Instructions. and) proceed = wrth Sthe directions mgiven. 
Meanings are in the Immediate Area of Being. 


Smith was then asked if the objectives of the unit 


were realistic, worthwhile ‘and attainable» in a’ lab 
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Situation: 


Smith Yes they certainly were. Teethink= a 
number of studentS were surprised. 
They kind of had a feeling for their 
results, anticipating them. They were 
Still kind of surprised at what they 
did get. The way the lab was set up 
certainly made them think in the 
direction desired. You know, the unit 
Provided the questions in a directing 
sort of way which was quite useful. 


Smith considers that the clear and surprising data as well 
as the directed questions in the lab results/discussion 
sheet contributed to the value of the snow unit. Thais 
Suggests meanings in the Immediate Area of Being. 

The teacher was then asked td comment on the 
usefulness of the predictions prior to collecting the data: 
Smith I made a mistake in doing that part of 

rt Tee teacould edorsits again ss would 
have them make the predictions before 
goings out, ‘thens Nandy sit Viney som they 
couldn't cook them up afterwards. Some 
of “them didnitt doe thelr spredictions 
until after and cooked them up. 
Smith was questioned as to whether students often cook up 
results: 
SL ch There are times they feel compelled to 
ao eels. Tf they are after marks, if 
eonscientious:,, they. don lt) shave smany 
reservations about cooking results. 
Smith considers that correct data and correct answers to 
lab questions are highly valued by the students and 
generalizes that conscientious students who want high marks 


haves sone sj usStitication for "cooking™ =results. abel bss) 


Suggests meanings in the Passive Area of Being, for both 
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Smith and the students. 

When questioned on the organization of the unit, Smith 
eke rmredmaeowelt = asm -phettyaemgood.-. He® thoughts that 
individual teachers, using their own styles and strategies, 
would probably wish to make some modifications. He felt 
that the lab report forms required thinking on the part of 
the student but that the data sheets should be part of the 
report (in fact, they were). Meaning appears to be in the 
Immediate Area of Being. He made further comments: 

Smith The lab was fairly simple in concept. 

ist m1 ght be used with some 

modLEications eto) a gunior High Biology 

or Science. Some of them found it a 

bit simple, not elementary. It wasn't 

complex. It might be (used in Junior 

High) for further consideracion. Lous 

Husted tnougnt,, tor whatelces eworthi. 
Labs which can be easily modified to suit the teaching 
Situation are of high value and have more value if they can 
be used at different grade levels with minor modifications. 


This suggests meanings in the Immediate Area of Being. 


Smith continued: 


Smith Perhaps you could also go into heat 
loss, animal heat loss, and relate it 
to the number of calories required. 
Look at nutrition and how much energy 
food an animal has to consume in order 
toe maintain body heat and this sort of 
thing. The unit can be extended. 
There 1s mo end: to “this “sort of thing? 


Smith values lab activities which allow for expansion of 
the concepts and suggests meanings in the Responsible Area 


of Being. He agreed that the snow ecology unit exhibits 
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most of the characteristics above and considered it to be 
well organized. 
When asked about the time allotted to complete the 
unit, nes replied thatwethere™ was: actually a lot of “time to 


doo 1b “in: 


Smith We didn't need all the time allotted to 
it, which was good. Everyone can take 
lt =a bit easier. Generally though, 


when they are outside they tended to 
hurry “as fast “as they “could because 


they were freezing. These city kids 
don't necessarily dress up even if you 
warn them. You tell them and they 


Still don’t “dress “Up for ~the: kind of 
weather out there and this year when 
the unit was done, it was pretty 
obnoxious. So the students were 
suffering and therefore did not really 
do what they should. 


The teacher sees extra available time as valuable in that 
an activity does not have to be rushed. This indicates 
meaning in the Immediate Area of Being. His comments on 
Student preparedness for lab activities suggests that his 
view of these students is in the Passive Area of Being. 


This is further illustrated below: 


Sieh Outside the forgetfulness of the 
Students it wasn't too bad getting it 
together. You still had to be on their 
backs. They tended to be reluctant. 
They would go out there wondering what 
they had to do. LT would =say that. i 
told them what to do. You have to 
prepare yourself inside to know what 
yOu are: going to do when you get out 
there. They stood out there wondering 
what they had to do. 


Smith notes that students appear to be unprepared to plan 


work Sinewadvance "Of “an activity, “easily “forget Lab 
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instructions and need continuous prodding to get them into 
aneacCtnwyl ty. From the teachers point of view, this 
Suggests student meanings in the Passive Area of Being. 
Smith was then asked if he saw any value in students 

making some of their own equipment. He thought that having 
a full set of equipment ready to go would be preferable. 
Students took varying times to make the equipment and thus 
GroupsergoL Out Bot Synchronization. wn their outdoor 
activities. Smith mentioned that there were three or four 
Students per group and felt that two or three would have 
been better. He also had a group of one: 
Smith There “was a" group, of Jone, ‘a chap: 

There are loners. He wanted to work by 

himself and I let him. He did the 

fist pant sDut wdlLane te turnin. tine 

second. He didn't bother to get around 

to doing the last part. Everything one 

day sand = "zvilch* the next sort of thing. 

He didn't follow through. That is one 

of the problems of a long lab. They 

(the students) are hot and cold. They 

lose enthusiasm quickly. 
Small group sizes are preferred by the teacher. Smith also 
assumes that it is the responsibility of the student to go 
through all procedures and complete activities in a lab 
Si Cuation. In addition the students are also expected to 
arrange groupings on their own. The teacher perceives 
these steps in terms of the Responsible Area of Being. His 
reluctance to keep his “loner" working or put into another 
group Suggests meaning in the Passive Area of Being. He 


also sees less value in long term labs due to an apparent 


loss of student enthusiasm, a meaning in the Immediate Area 
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of Being. 


Activities, Assignments and Laboratory Evaluation 


When asked about the value of the evaluation marking 
Grigg, smith) indicated sthat “he had’ @not mused it? He then 
described the report and his method of evaluation: 

Smith I evaluated them on their report. They 
did ai"group) report. One report was 
turned in per group to which they all 
contributed. There were two, three and 
Pouce Danes peohep ict. The marking 
reflected the numbers. If there were 
four in a group, I expected better 
answers to the questions from four 
heads*®than’ sirnoms two, iso. "Ll marked 
accordingly. The entire lab was marked 
out ote fitteen. 
The teacher indicates that evaluation should be based only 
on the report submitted. Individual lab reports are not 


considered fof Sparticulan value to ther teacher. in Sm ren s 
opinion larger groups should prepare a better report than a 
Smavle lab groups. The teacher was not familiar with the 
Suggested marking grid. These suggest meanings in the 
Immediate Area of Being. 

The value of the reading assignment was then 
questioned. Smith reported a favourable reaction to it on 
the part of the students. He did note that some were using 
ther two swantveles as aids in «completing |the “results 
discussion sheets for the last activity. The teacher also 
felt that because "true" research relies on previously 
written materials, the use of readings in an activity tends 


to reflect characteristics of a real investigation and that 
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itaescnOuld SCerntalnly. .be™ Ppartu.ot etnies snow. “unit, Tas 
Suggests meaning in the Responsible Area of Being. 

It was hoped to return to this topic as it appeared to 
open Up <a number Sor piltems. for further ,.daiscussicn. 
Unfortunately, time constraints terminated the interview 


before additional information could be obtained. 


The Laboratory as a Learning Experience 


Smith was asked about the value of laboratory work in 


science courses: 


Smith Labeyactivityse has @ to —bes guites well 
SHOuUgGiEs CUbEO Cet ethosmost: Olitw Of, dit. 
In the past we have been doing labs 
that. are cookbook things. They sdonet 
give the students really a great 
learning experience; simply a 
VEGLEVCaction of things. Students have 
mentioned that if they could have done 
it as a handout they would not have had 
to spend a half-hour learning on their 
own. But there are learning 
experiences that» go “on, in) Ja cwell 
thought out lab that are of value. 
Tiws, the sonly wway eto ger. iti. 


Smith suggests that a lab must be well thought out and not 
a confirmation activity to have value in terms of the 
students and the teacher. Meanings would appear to be in 
the Immediate Area of Being. He also indicates that 
verification labs seem to waste course time and that the 
Students prefer a handout to learning on their own, an 
indioathomecc£ total disinterest, sin the materialwand 
implying meaning in the Passive Area of Being. 
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experience. He was asked to describe what he considered a 
well) thoughtwout Mabonatoryractiv ity: 
Smith One “which requires, a student to 

innovate, to perceive or get results 

and be able to interpret results and 

draw conclusions. This will provide a 

satisfying experience to the students. 
The teacher feels that labs involving higher levels of 
thinking will provide students with a_ satisfying 
experience. He was then asked how he determined whether or 
not it had been a satisfying experience: 
Smith Thacas@apel rout, I suppose from the 

writing up of a designed lab report 

where a series of questions are to be 

answered. The student has to think 

about the lab experience and analyze 

the lab to come to the right answers to 

the questions. 

Smith states that the lab report, with designated 
answers to predesigned questions, can reveal student 
Savictactlonewithmthes activity - The report must require 
the student to analyze the data by means of answers to the 
questions. This suggests meanings in the Immediate Area of 
Being. The teacher apparently is not an advocate of 
enquiry activities. 

His comments led to a question on lab report 
evaluation. Smith noted that students' abilities to think 
in an abstract manner, to apply, interpolate, and analyze 
results differ considerably. Some students cannot do this. 


They are lost and frustrated. They have a bad laboratory 


experience. ties Inplicationmwsemchat —Studentss whowsare 
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unable to work at higher levels of learning should probably 
not take Spart (einesthis “style Qof slab swork-eto prevent 
EnUStE rat Lon. This suggests meaning in the Immediate Area 
of Being on the part of the teacher. The teacher sees 
Student meanings in the Passive Area of Being. 

Smith was asked if he ever obtained student feedback 


on the worth of labs: 


Smith Yes. Duningg.a  Labwyouw try sto stand 
back or try to listen to what is going 
on. If you are open with your students 
to start with you have an open sort of 
climate. They don't feel restricted in 
displaying their displeasures or lack 
of useful experiences. In that way you 
can "read" what they are getting out of 
it; whether the experience is useful or 
gle ner 


Smith sees an open, free classroom situation as allowing 
for effective feedback from the students which would 
indicate meaning in the Responsible Area of Being. The 
feedback noted tends to be of the negative variety. MThis 
Suggests meanings for the students in the Passive Area of 


Being. 


a 


Smith was then asked whether he could cover the same 
concepts as regular classwork rather than as lab activities 


as effectively and efficiently: 


Smith i think “a Lot "of ‘the oresent Vab 
experiences we do, and I am being 
critical of myself here, are not of the 
type where the student can really apply 
tees gained knowledge; apply | 07 
extrapolate, synthesize or, in other 
Words), draw conclusions and use 
advanced mental processes. Yes, 1 
would think that a lot of exercises we 
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do in our schools could be done more 

effectively and efficiently if time 

means anything. It would be simpler to 

COver tt im dlecture or £1 1m. 
Smith indicates that classroom teaching involves less 
preparation than lab activities and that many of the 
presently used lab exercises result in lost teaching time 
Since the content and concepts could be presented as 
effectively during classroom instruction. This suggests 
meaning in the Passive Area of Being. Although he 
expresses concern with student acquisition of higher 
learning skills, no definite suggestions are given for 
changes to the present lab program. This suggests meanings 
in the Immediate Area of Being. To sfunther clarity «tous 
point he was asked whether there were any time constraints 
in teaching the various biology courses: 
Smith In some courses this iS so but not 

necessarily in Biology 18 or 28 where 

there is time to do a lot of lab 

activity, But then again it takes 

organization to set up these labs in 

sucha way “Chat estheres iis a) hab 

experience. 
Excessive course content is seen as deterring from time 
spent in the lab but when time is available, preparation 
time appears to be a negative factor. These meanings are 
in the Passive Area of Being. 

Smith was now asked to express his opinion on the 

elimination of the lab from the science program. He 


indicated that the lab is essential for science programs 


because it introduces the students to the lab environment 
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and the handling of equipment. Meanings are in the 
Immediate Area of Being. However, many topics could be 
Caughts Ine avteclassroom more wetfliciently» than “in =the Lab: 
Students can be lectured on how to do lab type activities. 
This suggests meanings in the Immediate Area of Being, as 
the teacher does not consider that the effectiveness of 
experience is of more importance to the student than the 
time saved by a classroom presentation. 

The teacher was asked for his overall reaction to the 
snow unit. He thought that the nature of the Canadian 
environment was such that activities such as those in the 
Snow unit were highly desirable in terms of the ecology of 
organisms. Lab activities which increase awareness to 
natural situations are of high value. Reading scientific 
articles was also of high value. This indicates meanings 
in the Responsible Area of Being. The teacher stated that 
he was quite impressed with the unit but he would probably 
want to make a few small changes to suit his teaching 
style. Examples were more specific objectives, and 
Instructions for each activity. 

Smith was asked if he saw the snow unit as fitting in 


the Biology 28 program: 


Smith liters, certainly part of the ecology of 
VAG ievey  Galewe ever: Sigh lengli S) eyelets, Gms kale ye) 
world. If youw ‘are going "to" be 


realistic about the study of ecology, 
Lil toe Ss B1mpo ntamte to — SEUdYr em ocal 
Condi tions,  tthens (aye ls = cer tal nik. 
imponcant to dO thdatwtype cfvactivity. 
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teacher feels the unit is of considerable importance as a 
learning experience for students. This suggests meanings 
in the Responsible Area of Being. Smith was asked to give 
his reaction to having the snow unit as a mandatory part of 
the Biology 28 program. He thought it would be useful. He 
saw the lack of texts with background information for 
teachers and students as a possible problem. A small group 
investigation would be the best method of attack. He also 


Saw another way of dealing with the activities: 


Smith This would be good homework. They can 
dor intttheir backyards. They, don’t 
even have to do it at school. Some 


of the equipment, such as the thermo- 

meter, might be a bit of a problem, but 

it is not insurmountable. They can do 

it at home in their own backyards at 

their own choosing. 
Labs which can be done outside the school setting are of 
value to the teacher who prefers labs that require little 
or no supervision. The students would assume maximum 
pesponsibmlity or “thelr wcomplet ion >; This suggests 
meanings in the Immediate Area of Being. 

Smiths waseequestioned on possible application of 
concepts studied in the snow unit to everyday life. He had 
the impression from watching them work outside that they 
had hardly ever been out in the winter: 

Smith They were pansies. They, odadn tego 
about it in a thoughtful organized way. 
They sure need a lot more of this type 
Of Vab activity or whatever. They 
weren't dressed properly so they were 


cold. They chose site A and B which 
were not average or representative. 
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They sort of randomly fell into the 
Snow. That was disappointing. 


He also noted that a few, not necessarily the best 
academically, went about the activities in a more organized 
way. He then continued: 
Smith Application? I suppose. I guess there 

were those who do skiing and so on in 

the winter. They can relate to 

different Snow conditions. They are 

more aware. 
He considers that the application of lab material outside 
the classroom may have some possible value. His main 
concern however, is the general disorganization of the 
Students when in the field. However, he apparently gave 
them no definite direction, relying on the instructions in 
the unit to clarify situations, which indicates possible 
weakness in the instructional package. This suggests 
meanings in the Immediate Area of Being. 

Thinking, analyzing, and drawing conclusions were 
characteristics Smith had indicated as desirable in a lab 
activity. He was asked if the snow unit had allowed 
Students to do these things: 

Smith Yes. The questions they had to answer 

at the end of the exercises did make 

them arrive at this skind of thinking; 

what they should be getting out of it. 

So it was done anyway. 
Smith's indication of satisfaction suggests meanings in the 
Immediate Area of Being. 


The teacher concluded the interview by indicating that 


the snow unit was of sufficient value to the students to be 
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definitely included somewhere in the curriculum, suggesting 
a meaning in the Responsible Area of Being. He noted that 
the knowledge gained was of use to the students and the 
Unites into ghismcriternla ot ea uqood sabi experience. iG 
the unit was to be a regular part of Biology 28, he hoped 
LRaAr esoOne so fiethe questions wwoul dmprovade mw mones ote sa 
challenge to the students. The work itself was not too 
dieti cule tor estudents.-ateeithe® Biology )20..1evel. His 


meanings appear to be in the Immediate Area of Being. 


summary fof Students and Teacher Interpretations, Class 2 


This summary includes items which provide alternative 
or additonal interpretations from those described in the 


sumnmany EoneClass 1. 


Passive Area of Being 


Ones Student, indicated “her? opinion of ‘the laboratory 
petVected = hereigqeneral) lacks of @interst win: biological 
science. This unit was done because it had to be done 
although some interest was indicated. It was thought that 
the teacher should explain most of, if not all, the 
procedureswetonea.d Lab Qin icliassy) sine order “tol reduce por 
eliminate the necessity of reading instructions. The 
required recopying of field data when preparing a formal 
report waS not appreciated by one student in particular. 
It was done once. Why do it again? 


The teacher had not taken time to become familiar with 
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Ene-Materials in the unit "or “discuss procedures ™ine class. 
The students were given the packages and left to themselves 
to organize and handle the activities. The teacher had 
observed ‘one’ student ‘doing the “work on his ‘own, getting 
discouraged and failing to complete the unit. Smith noted 
that some students are lazy, would never get enthusiastic 
about lab work and maybe should not do any. He observed 
hate PVuUstracvon on ethe part or they Students, when they 
become confused with procedures, had a negative effect on 
their work. Some students were observed to "cook" results 
in order to get better marks and he thought that for the 
better students, faced with external pressures in entering 
advanced courses or post secondary institutions, it may 
well be justified. 

Smith felt, In general, thax Vabs Srequired too” much 
preparation time and that as a result his classes performed 
less than an ideal number of activities. All participants 
felt that the homemade equipment led to frustration because 


Peerequrrede construction and did not Eunction well. 


Immediate Area of Being 


Although some teacher presentation was desired by the 
students to clarify problems and potential difficulties the 
teacher thought that a self-contained lab exercise could be 
handled by students if it was well designed. A lab had to 
meet its objectives adequately, which had been the case 


with the snow unit. Some labs and lab techniques could be 


GZ 


7 


ae ee 
ay > ri . 
‘geaTo at esgversesy) ahetelh 70 shaw wee 


:ewipaeeds of SIAl Las) eepeerss vl navy: 


at serviced) oot aivivircoe 02 sttand n sana » OF 
ine a! oF if Greer @ 5ébae netuse sie bevrndiele 7 
: ? és at@igeim eb pabdiet, tne ba pric ib 
nie 246 seve w%e adneboss ecoe aed a 
it "I ee ‘ote adve@ ba@yaace dol see 


. eangees 4.68 coy et ae noi ger3Eus? ot 


A4eiw see icon: ons 


, " “pege @eaeT . free Bett 
. 


ian retsed fey oF vette al 


sha -bera®. .ecaetet2 181706 


shi. wsetties joy eb feaTvet teseevha ' 
-suititeot av’ Rise) 
iv P iA Asetem al ,Jial efiaeg _ 
bemseires @ se a tre i ns hse reqesq 
7 _ 
i 
ti ' o=piaee testt ve Gods ass 
os _ 
_ > 5 
yened wah h wen itice element wit serg * : 


ane | fel startin eros” bes Leen a 


eds y@ (00162 ce iiyestar$eeeas ep 


ene od oeuyt tite: itlLle Ss ue 


bast baie nie etsy Ahi bend ot 
a sverginst | les 


—_ 


a2 ae athe 
7 ats vr _ oe ad ; r 


a = 


a" 
7 


neLUStratediein class ywithout the neediitor Tasestudent 
laboratory. The students emphasized that it was important 
to. clearly understand the purpose of an investigation 
before proceeding with the work. Lab groupings were 
Preferred Cor vsharing  mthe work, load. The use of 
"professional" equipment for the ease of measurement and 
more accurate results was mentioned by all participants. 
The teacher required a Single group lab report and 
equated a better report with a larger group. The students 
thought that some reward for effort and data collection 
Should be given. The teacher however considered the 
discussion of data and answers to questions as having the 
greatest weight. He also noted that the unit could be done 


at home since little teacher supervision was necessary. 


Responsible Area of Being 


The students noted that doing work in the outdoors was 
bagthem trealamwornlda ct ~most sliving  sthings:. The teacher 
stressed that the unit had real meaning to the students 
because it exemplified a real Canadian situation and that 
it had a place in biology programs. The students thought 
Ee muUniitesshould sbe ‘compulsory storm Biology 20, Students cand 
would be a valuable experience to anyone. The unit was 
thought to characterize their opinions on the values of a 
Satisfactory lab experience. 

The teacher considered that, as a part of their 


training, the students should take the responsibility for 
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organizing specific lab groups and the work load within 
each group. Reading scientific articles for exposure to 
scientific communication and writing styles was considered 
important. He felt that the laboratory experience was 
essential, particularly for learning techniques which they 
might require in the future. He also noted that surprising 
or unexpected data seemed to result in better thinking when 
the students drew conclusions from the experience. 

Both students and teacher were prepared to suggest 
ways) of making the, unit more meaningful jto future 
participants. In particular, the students recommended that 
the ambient temperature at the time be used as the basis of 
temperature predictions. This would make the situation 
more realistic, accurate and effective. They also noted 
that without the activities the unit would have been nearly 


useless as a learning experience. 


Description ob istudenteMeanings Class 33 
Background in High School Science 


The eight students interviewed were asked to describe 
their high school science background. QO had taken, all 
three sciences at the Grade 19 level, R and S had taken 
biology and chemistry while T had taken only biology. Both 
L and M had completed Biology 18 and Chemistry 190. L had 
also taken Chemistry 20. N and P had taken Chemistry 198 
and 20 as well as Biology 10. P had also completed physics 


atthe grade 10.and 11 levels.. The students, also. indicated 
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Pamviliarity “with » laboratory “work im the =sevences. 
Chemistry laboratories had involved weighing, making 
solutions and observing chemical reactions. N described 
dissections as a biological activity while P added work 
with the microscope. The other students concurred. P 
stated that there was little laboratory work done compared 
to classwork. Both students were naturally interested in 
biological science and had selected Biology 28 for this 
reason and as a potential requirement for entering 
university in the future. Biology as a science has 
meanings in the Immediate Area of Being. O7 Re ands |S 
indicated they had elected to take Biology 28 for both 
matriculation purposes (Q, R and S) and for interest (R, S 
and T). T selected biology exclusively because of interest 
and the possible application of the materials learned to 
everyday Situations in life. This suggests meanings in the 
Responsible Area of Being. L chose Biology 28 in order to 
work for university entrance requirements, while M chose 
Biology 280 for possible use in entering a veterinary 
medicine program and because of personal interest in the 
Subject matter. Both students indicate meanings in biology 
in the Immediate Area of Being, respectively. In addition 
M said that biology was of value because it related to out 
o£ school situations. 

They were questioned on the types of snow activities 
that they had been involved with in the unit. All the 


activities were mentioned. These included the necessity of 
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going outside to record temperatures in the snow. The 
increase in temperature with depth was observed. Student N 
noted that his father had used snow to insulate around the 
milk house and now knew why it was used. This suggests 


meaning in the Immediate Area of Being. 


Laboratory Organization, Instructions and Procedures 


The students were asked if they had read the 
Vaboratory instructions prior to the £irst two activities: 
L The introductory reading was skipped 


through; the assignment reading was 
done. There was no difficulty with the 


reading level. The instructions were 
clear. These were read while in the 
field. 


This would indicate a meaning in the Passive Area of 
Being. L added that there were no problems in making the 
Snow testing equipment. 

M read only what was necessary at the time. Although 
the reading level was fine, too much would have been 
forgotten if everything had been read at one time. has 
Suggests meaning in the Immediate Area of Being. N did not 
feel it necessary to read everything. The material was 
well organized and easy to understand. P concurred and 
said that the equipment was easy to make. There were few 
problems in setting up the snow station. Both students 
agreed that clear instruction and good organization are 
Vobuaowe Characteristics Of a Labdoratory. These are 


meanings in the Immediate Area of Being. 
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Q thought that the reading materials were not too 
interesting, probably because of his indicated dislike for 
reading in general. This suggests meanings in the Passive 
Area of Being. R liked the idea of developing a background 
Pracrettowan activity andl stated=sathaty thei slaboratory 
instructions did this quite well. S said that the general 
elass? discussion® tbhefore seachiGactivity clarifiieducany 
problems in interpreting the activity instructions: 
iT. The materials were quite readable. 

With concentration you could understand 

Tie aailvs The descriptions for snow 

terms, for example, were spelled out 

clearly. 
T was prepared to put out the extra effort to be sure the 
materials were understood. This suggests meanings in the 
Responsible Area of Being. T continued: 
a The interest level is considered really 

good. Information was provided to 

arouse your curiosity and make you want 

to find out more. Then it would tell 

you — here is a lab to-do “to find: out 

more. Therefore it was found to be 

interesting, not something one started 

to read and found boring and put away. 

It kept up interest. 
The meanings expressed by T indicate the Immediate Area of 
Being. The student is depending on the reading material to 
maintain interest. Nevertheless her stress on wanting to 
find out more suggests some meaning in the Responsible Area 
of Being: 
Q If instructions were read there would 


not be many problems in equipment 
construction. The Snow sampler was not 
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well constructed. 

Themindication “is that 'O had not taken “the “time *to “prepare 
herself for making the snow sampler. It was made only 
because it was required, suggesting meanings in the Passive 
Area of Being. S noted that diagrams were valuable to aid 
laboratory instructions, and that class instructions often 
helped clarify a point and are important to lab procedures. 
Meanings are in the Immediate Area of Being. To kalso 
mentioned the value of diagrams in laboratory instructions, 
where applicable. 

The discussion centered on the? first .outrdoor activity. 
M indicated that the very cold weather was a problem but 
not the activities themselves. L agreed and added that it 
would have been nicer if it had been warmer but it was not 
Bed li micoldi rr gore Came (prepared. This indicates meaning 
in the Immediate Area of Being. 


Both students predicted a warming trend under the 


snow: 

M It was quite warm closer to the ground, 
under the snow. At, 5 cm above the 
ground it was -8 C. The eller 


temperature at the time was -22°C, 
L noted that his measurements differed in part from those 
obtained from the rest of the class. Both liked the idea 
of predicting beforehand as it provides you something with 
which to compare data. This suggests meanings within the 
Immediate Area of Being. 


OnLnoughtestiates predicting results priors Cos tne 


168 


er at in 7 


an . 
eseqare: 12MM Oa Radin Weer AG 
give @bom hey of yeeeyaes wace @48 ae 
vcionat “APD ebekdaen pr lteen cue nea kbpan awwr'st 
aie 6% wldeuley @ibeseunyel’ 26484 wedi _paieu fe. Ses 
oofle ancl reesten): e96fs s4c3 Se werk re tend $38, sede, 


_petpenovad dal e& goatseja) &%0. mia eypisars: | 
7 .ehlat Ge weae of 6lboadl- 2c ah ane 


este 


,suelpouysent YIPshewsa! «| eaasgnl® 86 a6le9 623 benol? = 
,sitastiqns. on 


veiyvieon seebeue. 2m)" ere ve eresne, 446i nuppe th emt ; 


at. galas © Uae PeiSAcY %) . Yrew «at? gal’ iptan that 
of See: Leite Sew GWeare § . 24° events agrsiviros af? #4 1¢ 
_ 


-) 0) genie need evad' 6b 


ul 
c alee 
peineaes wesavibar cit wedges). ge aoe 1) Biles ii 3 


~aiet Se aerk. o9ettoast od? 


goa @@y t° iw 38 ene i 


i 
4? iuQed Gaeve cetiezaw «¢ twtnines” stastnae Asek | : 


—faver”g ere = otis @2ep eta) oa Bt 
vA svege «@ bg wie 6f7 100ne 
ne 6g ae) eae 4t- cairede 


"tr vem qoals COS 66) C2ty)eoqE ? ge 
eect? wait seen GL -qosei)'> -o2epirtienee Gin 28c2 ‘ 
sebl. 6nd bebi\ Atuh, qene!o a? ae eds aqr% ; 
erie goliidemer cy eellcs0G 39 66 -RmRaeT ha petenam 


ody nidsty wintewew ersneths ‘stde” GER MeqEeD 


whe 08 (90H aid wire teat 
= . i - - 


“¥ 


activity produces a more effective data collecting 
experience. The temperatures in the snow were warmer than 
predicted which was surprising. S had predicted no change 
and was "Shocked at the results". R's predictions were not 
even close. It was warmer than predicted. iP heal eVenbletahe: he 
would be colder under the snow. The students in general 
felt that predicting results in advance makes the actual 
results more Significant. This suggests meanings in the 
Immediate Area of Being. P found them of little value. N 
thought they were a guess at best since the actual air 
temperature was not Known. If real values had been used, 
the prediction section would be more valid and useful. The 
meanings are in the Responsible Area of Being. 

The students were asked to react to the thought of 
doingmoucside, into, the cold) for the first sactiviity 0) ky O 
and T were not too enthusiastic and did not like the idea 
of freezing. Serthought “1G -would™= be fun) towgo poutside. 
They became interested in the work and all stated that, as 
a result, the cold became much less significant. Thais 
suggests meaning in the Immediate Area of Being. Interest 
appears to overcome justifiable objections to the working 
environment. 

The students were expected to have read and understood 
the instructions betore going! into the field so =thag they 
would have to concentrate only on their work and recording 
Ene we ddita’. They were questioned on whether this had 


actually been the case: 
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R The data sheets had places ele 

recording all the required information. 

This made things easy because it was so 

Colds ott. There were no difficulties 

remembering the lab Instructions 

because there was not that much to do 

at one time. 
1k The data sheets spelled out the order 

of the data collection. Interpretation 

of the data was made much easier. Et 

personally designed data sheets had 

been made the data would probably have 

been poorly-organized and difficult to 

interpret. 
SEUGents oS and © simply Stated that if the instructions 
were read over a couple of times there were no problems 
remembering the field instructions. None of the students 
indicated meaning other than in the Immediate Area of 
Being. 

The students stated that the second outdoor activity 
proceeded with minimal difficulty. The instructions were 
clear and the data sheets appropriate. Both N and P found 
some difficulties determining the age of the snow crystals. 
The hand lens used was ineffective. P said that her group 
put down any age that seemed reasonable. Unless the 
equipment functions properly, meanings appear to be in the 
Passive Area of Being. L, and M both had aiericuley) in 
locating their snow stations due to a heavy snowfall which 
had occurred the previous evening. M suggested that 
marking flags would be valuable to everyone involved. This 
Suggests meaning in the Responsible Area of Being. Neither 


student viewed the problems encountered as more frustrating 


than real or naturally occurring, suggesting a view of the 
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activity in the Passive Area of Being: 


L Three layers of Snow were observed. 

Temperatures were checked and samples 

were taken of each layer for density 

calculation. The snow crystals were 

aged more easily than expected. The 

Snow sampler broke because of poor 

workmanship. Harder upper layers 

seemed older than layers underneath. 

Each group member did a specific job on 

the snow density data. One scooped, 

one weighed the sample and one recorded 

the data. This made it easy. 
L notes that organized teamwork is a valuable part of a 
laboratory experience. This indicates meanings in the 
Immediate Area of Being. M was able to collect distinct 
data readings and considered that this made the laboratory 
more effective. Functional equipment increased the value 
of the laboratory. M mentioned that the snow sampler gave 
problems. Meanings appear to be in the Immediate Area of 
Being. Both “students "indicated “that © the “concepts “of 
Stratification, age and density were easily understood and, 
although the weather conditions were poor, were quite 
prepared at this point to do more outdoor work. Proper 
clothing plus interest in what they were doing eliminated 
the weather as a major negative factor. The high interest 
level in adverse conditions would indicate meanings in the 
Immediate Area of Being. As M stated, "I'm getting used to 
it". M suggests that a pleasant environment makes labor- 
atory work more enjoyable, a meaning in the Immediate Area 


of Being. 


The Stldents Stated that things were easier to do 
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because experience with the techniques had been gained 
during the first exercise. A laboratory which utilizes 
previously learned techniques is valued by the students and 
Suggests meaning in the Immediate Area of Being. 

Based on problems encountered by the group, M 
suggested a modified technique for taking Snow tempera- 
tures. M had observed others having the same problems. 
This indicates meaning in the Responsible Area of Being. 

The third outdoor activity required the construction 
of a quin-zhee or snow shelter. P stated that it had taken 
two days; one for piling the snow and the other for digging 
the pile out. N said that two days were required because 


of the timetabling of three credit courses: 


N The snow would not take two days to 
set. This was because of the every 
second day arrangement. Ltoewould 


probably take about half an hour to set 

One amverys cold days according @tco class 

INfLOGMatlon. 
N noted that a cavern was dug out and temperatures inside 
and outside were recorded: 
N It was quite warm in there. Die you 

were in the north you could probably 

Survive with one of these things 

because of the insulation of the snow. 
N does not see the quin-zhee as having value in the local 
area, only the north. He does indicate a preference for an 
ACtIVItY GWwithe practical overtones. There are meanings in 


the Immediate Area of Being. 


L and M indicated that the instructions were clear, 
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and only the small size of the shovels slowed down L's 
group. Thisy indivcates® thatvw less “thant ssatusractory 
equipment reduces the value of a laboratory and limits its 
meaning to the Passive Area of Being. 

S waS now questioned on the time taken to pile the 
SNOW; cCOewWalt Eoreit ito eset, then to hollow out the: pile. 
He thought it had taken only about one hour in total. He 
was asked whether it should be done that way in the unit, 
rather than splitting the steps over two days: 

S Digging out the quin-zhee the same day 

as piling the snow would be more 

realistic. For what the exercise was 

trying to illustrate it would be better 

to leave the instructions as is. 
S prefers to get definite results which can be easily 
analyzed. This indicates meanings in the Immediate Area of 
Being. T thought that it might have been done in one 
period. Q thought that having successful results was 
probably due to the two days involved and that it was more 
impontante-.tomget. good” data ithan “have® aj@morelercaliseic 
Situation. R agreed with this idea. This suggests 
meanings in the Immediate Area of Being. 

No problems were encountered in building the 
quin-zhee. Temperatures had generally risen to the Le 
range. Q mentioned the effect of the closed door and body 
heat on temperature elevation, and thought that additional 
people in the shelter would affect the temperature even 
more. tT stressed clearing the Inside’ floor sf snow to 


misune = that sheat “from. the “ground could™ warm up the 
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interior: The students used the previous concepts 
investigated in these descriptions. Their meanings are in 
the Immediate Area of Being. 

M obtained data which appeared useful beyond the 


Specific laboratory activity: 


M It was a lot warmer inside when a 
couple of people were in with the door 
claesed. Within six minutes it was 


ee With more people inside and a 

longer time period the temperature 

would possibly have been a lot warmey. 

Maximum temperatures might reach +19 °C 

because the quin-zhee was quite thick; 

especially if there were two to four 

people inside. It might even get too 

warm. 
M has become well aware of the concept of snow insulation 
and body heat generation. This suggests meaning in the 
Immediate Area of Being, aS no indication was given of 
using this information beyond the self. 

L suggested that a small fire might be effective in 
warming up the shelter if only one person was in it. S 
noted that the door would have to be open to prevent 
SsuLtocation. He also thought that the shelter could be 
constructed using only hands and that the idea of using 
Snow in this way had not occurred prior to having done the 
Unit. This also gives meaning in the Immediate Area of 
Being. 

M thought it would be quite interesting to camp over- 
highteaspart of the Unit but (recognized the sditivculties 


involved. The quin-zhee would be easy to construct if 


stranded. She thought) that) Jt would bes tun sto ado it cat 
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home. These thoughts are within the Immediate Area of 
Being. The students appeared to be indicating that open 
ended investigations are both desirable and valuable, 
meanings which may be approaching the Responsible Area of 
Being. 

N and P provided further information. N considered 
the activity fun, better than staying in class, meanings in 
the Immediate Area of Being. P described her experience 
with the snow shelter: 

P You noticed the smallness, the warmth 

and the lack of sound from the people 

outside who had to yell like crazy to 

be heard throught the snow. There was 

no wind inside. It was very windy 

outside and this made it feel warmer 

than it was. With two people inside 

the temperature was +1 C. If more time 

had been spent inside it might have 

reached 7 CC toy 82C. If you had the 

equipment it would be interesting to 

measure sound and stuff like that. 
Laboratories which produce easily observed effects have 
value to the student, with meanings in the Immediate Area 
of Being. The suggestion of specific topics for further 
investigation indicates meaning in the Responsible Area of 
Being. 

N's group decided to investigate further having 
completed all the required measurements. A third person 
entered the quin-zhee and additional temperatures were 
recorded. The temperature rose from A Ce toe oc. The 


meanings of this student initiated activity are in the 


Responsible Area of Being. Personally experiencing a 
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SltuUat Omens Sot value SEOs the student, better than 
second-hand learning. The practical application [of the 
exercise was noted, indicating meanings in the Responsible 
Area of Being. 

The students were surprised and impressed with the 
Strength of the quin-zhee when it was time to break it 
dawn. ihe change im the snow f£rom Soft, powder, to 
crystallized hard pack, sufficient to temporarily withstand 
three (or “four students Jumping on the roof, had a 
considerable effect. This gave the experience added impact 
because of the unexpected results, providing meaning in the 
Immediate Area of Being. 

The students had no changes or suggested any 
improvements to the basic unit. They all felt relatively 
Gomfortable with the unit as it was set up. The time 
allotmentuawas  thougnt ~to = be quite satistactory.. R 
mentioned that there was even time at the end of an 
activity €6 Start work on the results/discussion sheets. 
Having sufficient time to complete work was considered a 
characteristic of a good laboratory. This suggests meaning 


in the Immediate Area of Being. 


Activities, Assignments and Laboratory Evaluation 


The students were questioned on the required 
laboratory report for each activity. They considered the 
result/discussion exercises as straightforward. T stated 


thate form esuch things. as “guaphind,, the book jqavesiclecar 
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instructions and models. 

M thought that although the questions were at a 
reasonable level of difficulty the answers were probably 
written in less depth than they should have been. It was 
Suggestsed that more guidance on this matter was required 
by the students. This suggests meaning in the Immediate 
Area of Being. S ‘enought that Sagiloti swas™ learned irom 
answering the questions: 

S Some of the answers were obvious but 

Others eayousthady Cow think) about; put 

yourself in the situation then answer. 

For example, the effects of a heat 

Source in the quin-zhee other than 

melting. Had to think. 
S considers that greater learning results from having to do 
more than anSwer simple questions. He appears to have 
meaning closer to the Responsible Area of Being since he 
sees the value of being challenged. 

The students were asked about the necessity of 
laboratory reports. A lively discussion resulted. All 
agreed that they should be required. R thought the nature 
of the laboratory might determine whether a report would be 
necessary. Q noted that the report is a measure of what is 
Vearned.eeTestresses that thereffort put inton the factivicy 
should be included in any marking scheme. These meanings 
are within the Immediate Area of Being. 

P athoughtesthat Jaeireport permitted athe teacher) t5 


evaluate students' work and gave the student an opportunity 


to clarify the data collected and the material learned. N 
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agreed. He noted that a higher percentage of a laboratory 

report mark should be based on a student's ability to use 

and understand the data obtained. Siuncey data scans. pe 
copied, marks assigned to the actual collection of the data 
should be limited. Some recognition should be given for 

GEtOres co help students who do all *theswork, and try fard 

but have difficulty understanding concepts. These meanings 

are in the Responsible Area of Being. Like N, P felt that 

MaLKS Shad@*to "be “given fon effort during =the activity sas 

well as on the analysis of the actual data. Both students 

mentioned a reward (marks) for doing a lab was necessary, 
indicating meaning in the Passive Area of Being. M added 
the following comments: 

M A report of some type should be turned 
impueeven | ioc tis) Voniy "the: data 
collected. There are people who do not 
domwa Lab. Why "shouldtyou putea lot of 
WOrK anto it and get nothing out of 1; 
except seeing the results. You! Tcould 
have read it in a book in less time. 

You should hand something in. 

In the sense that M does not see she is in control of her 

own learning experience and can determine her own personal 

gain from the experience, the meaning is in the Passive 

Area of Being. However, in terms of protecting a student's 

effort from those individuals who do not participate, the 

meaning is in the Immediate Area of Being. 
P was concerned that the data collected might lead to 


incorrect conclusions yet be correct for the data itself. 


Both S and L agreed. tL further stated that sa -laboratory 
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mark should not be based on whether data is right or wrong. 
L correctly indicated that there were so many factors 
involved in an experiment that data, as such, are correct. 
These are meanings in the Immediate Area of Being. 

The questioning turned to the reading assignment. The 
materials were readable and the assignment which followed 
forced reading in more depth. Me» thought that since born 
articles covered similar material, reading one would have 
been sufficient. The meanings of the assignment to the 
student appeared to be in the Passive Area of Being. M 
added that detailed reading was necessary to complete the 
blanks and this was of greater value than one _ which 
required a minimum of effort. This suggests a meaning in 
the Immediate Area of Being. N said that the articles 
would only have been read lightly but that the assignment 
which followed (fill in the blanks) required considerable 
work and made one read the articles pretty thoroughly. 
This suggests meanings in the PasSive Area of Being. P 
found the articles interesting but, like N, required the 
assignment to initiate reading in depth. S however, 
expressed a contrary point of view: 

S Because questions followed the reading 
assignment you had to concentrate much 
more on the readings. Even if there 
had been no assignment they would have 
been read. My curiosity had been 
aroused and the atiieles were 
worthwhile reading. 


Although s has a personal interest in the articles he does 


Moe rconsider them of Sufficient importance to get others to 
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read them. This suggests meanings in the Immediate Area of 


Being. 


The Laboratory as a Learning Experience 


When asked what he considered a good laboratory, Q 
used the word "challenging". T agreed and suggested that 
1t made you "dig deep" to find the information. TAs 
indicates meanings in the Responsible Area of Being. N did 
SGuesseuciat a) good slab “wass one In which a person 
understands what was being done. Very clear aims and 
instructions were necessary. Teachers should demonstrate 
the use of any unusual equipment. Poor technical equipment 
reduces the value of a laboratory. These meanings appear 
to be in the Immediate Area of Being. L finds laboratory 
work an enjoyable method of learning but notes that the 
danger factor in some investigations detracts from their 


effectiveness, a meaning in the Immediate Area of Being: 


M it allows you to see Tf things, really 
Happens lt it's true. » You env cit your— 
self. It's not the same as reading 
AaDoOuE Ele ~in- var “book. Thier eron Ly 


disadvantage with lab work is the time 
required. 


Student M views laboratory work as having meanings within 
the Immediate Area of Being. She hopes that an experiment 
EUENS Out) the way it is supposed to. If not, 1C must have 
been done incorrectly. This indicates meaning in the 
Passive Area of Being. L prefers a minimum of teacher 


Supervision, a meaning in the Responsible Area of Being. 
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He also values a laboratory if it relates to the course and 
Subricientatime: is givens to. do it properly. L concludes 
that a good laboratory must be interesting and allow the 
student to get involved with the topic. Good instructions 
and diagrams, where required, add to the value of the 
laboratory experience. These meanings appear within the 
Immediate Area of Being. 
When describing their general laboratory experiences, 

S and T made the following comments: 
5 The labs done were worthwhile. More 

was learned in the lab than would have 

if simply classwork, such as note 

taking. It was fun and change form 

class routine. 
- Lab work is enjoyed. Ay lab vs fun 

You get to see things for yourself, not 

just be told about them. There is 

certainly value in doing labs. 
OeandyRe agzeed) with. S)tand at. These meanings are in the 
Immediate Area of Being. Comments on "Seeing is believing" 
tend to indicate meanings in the Responsible Area of Being. 

The value of having a laboratory partner was discussed 

by P: 
P Partners are good ~to shave ~n | Pab 

activities. If you are not sure if you 

are doing something right you can check 

with your partner. It's better when 

you need another hand or something. 

The size of a group depends on what you 

aresdoing. © lf “181s 7too -lbargesyoucnave 

peoples doing nothing, just standing 

around watching. 


P shows concern for the actions of others and a willingness 


to use personal initiative by discussion problems with 
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other students rather than the teacher. Meanings are in 
the Responsible Area of Being. N added that in microscope 
work, a one microscope per student situation would allow 
everyone to maximize their learning. This has meanings in 
the Responsible Area of Being. 

The students were asked to give their opinion on the 
amount of time they would like to see assigned to 
laboratory activities in their next biology course. L and 
M indicated that 68% would be ideal. When asked to explain 
why, L stated that the laboratory work was more interesting 
than reading the text or classroom discussion. First hand 
experience is gained, which arouses greater interest and 
the retention of information for a longer period of time. 
M gave similar reasons for her choice. Meanings are in the 
Immediate Area of Being. N thought that about one-third of 
the time should be in the laboratory: 

N The "amount. of » basic “information “you 
learned would be less than having more 
classwork but you would understand 
better. By making notes you know more 
but when you do one thing in a lab you 
understand it well; you are not going 
CO fonget it. When you take (notes: you 
take them and forget it; > well, «you 
don tea your write it down on, an exam but 
down the road two or three years, you 
Probably torget 1b. lf ivourdideit inva 
Vab@anda did te al Sand “understood Git, 
you would probably remember it for a 
long time, a very long time. 

N sees considerable value in doing laboratory work, in 


terms of both learning and remembering. His indication of 


a need for laboratory experience in a course has meaning in 
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the Responsible Area of Being. 

P notes that time to cover course work, especially in 
Grade 12, is always limited and that the laboratory uses 
too much time for the learning gained. The student would 
rather spend more time on class notes, thus’7 reducing 
laboratory time considerably, along with homework. 
Meanings here are in the Immediate Area of Being. The 
student does not view the laboratory as a necessity in a 
science program, even if there is more gained out of a well 
"set up laboratory thanestraighnt class “work. 

The students were then asked if they could have 
learned the materials just as effectively by studying the 
concepts in the classroom. 

L preferred to do the activities, especially since 


they were outdoors: 


L Ler holds “more = waters tor findmout for 
yourself rather than someone simply 
tedting == you “the Veacts: First hand 


observations are preferred to relying 
on someone's work regardless of their 
qualifications. 


Laboratory work to L offers breaks from class routines 
(Passive Area of Being). However, self determinations of 
the validity of concepts indicates decision making by the 


Student. This meaning is in the Responsible Area of Being: 


M The material learned in the field 
Sticks. in the Nead = longerm 105) cds 
experienced. lt'S @mores eriectiver 


Even the Brownies and Guides motto says 
something about “learning by doing". 
In an 898 minute period you just get 
told “and told’. The mind wanders off. 
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Going out and doing makes it stick in 
your mind. 


M's meanings for the laboratory experience are in the 


Immediate Area of Being. R added further to discussion: 


R Lab work is necessary because it shows 
you everything. This could not be done 
if it was just normal classroom work. 
The snow station is an example. ip 
didn't really think there were any 
temperature differences in the _ snow. 
The lab sure showed it was a lot warmer 
under the snow. You really wouldn't 
realize that unless you did it. You do 
itesyourselfasand= you" learn ‘to) do it 
yourself. This is better than a 
demonstration. 


R's concerns have meanings in the Responsible Area of 
Being. The other students had similar responses. N 
continued in a similar vein: 
N I would sooner get out and examine it 

Pomemnyselr. The teacher can lecture 

for 8@ minutes and you can write all 

the notes you want but it doesn't mean 

you are going to know it. Lee you rds 

out there and do it you can remember. 

You remember because you did it 

yourself; that) the ftarthem down you get 

toward the soil, the warmer it actually 

becomes. It was good to get out there. 
To N the laboratory is a valuable learning experience. 
Personal satisfaction is involved. His reflections do not 
indicate an extension of his ideas to others in the same 
position. His meanings are in the Immediate Area of Being. 
Pmtook: aiicontrary position “and considered” that 1tetook tog 
once slime avVieny 8a bile. Snow insulates. It's common 


sense. To her the activity had meanings in the Passive 


Area of Being. However the field work was enjoyable. 
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Asked if teacher attitude had ever influenced their 
own Laboratory attitude, © thought that if ‘Students felt 
that the teacher didn't know what he was talking about, the 
laboratory would probably be a waste of time. The meanings 
are in the Immediate Area of Being since the student does 
not indicate the value of the laboratory experience as of 
greater significance than the teacher's attitude: 
ai If a teacher has a negative attitude 

toward a lab, you get it also. They 

seem to be saying that the lab is in 

the curriculum therefore must be done 

but tets ene use for us. But it must oe 

done. Your attitude is therefore, "Oh 

great. Anotiern, lab to. do. for sdoings 

sake and not for getting anything out 

ene aia 
T sees the teacher as having meanings in the Passive Area 
of Being but does not indicate she is herself that much 
different. Her meanings also appear to be in the Passive 
Area of Being. 

When asked if they saw any value to having done the 
unit R indicated that it showed how animals could survive 
by burying in the snow to get where it is warmer. T 
thought that most people think of snow as a problem, such 
as having to shovel it. It is now seen that snow can be 
beneficial in some ways. S agreed. This suggests meanings 
in the Immediate Area of Being Since there was no 
indication of the desire to involve others in sharing the 
benefits of their knowledge. P thought there might be some 


practical applications made of the information learned and 


mentioned thats the Inuit had put, it Co use. N thought 
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there might be some application in the control of 
avalanches, as in Jasper Park. Meanings appear to be in 
the Immediate Area of Being. L said it would seem possible 
to use Snow as a Shelter against the cold if stranded in 
the winter. This suggests meaning in the Immediate Area of 
Being. M agreed and extended the concept to on the job 
Situations, such as pipeline construction. This would 
indicate a meaning in the Responsible Area of Being. Both 
Students value laboratory experience with some practical 
application outside the classroom. 

M mentioned that learning occurred in a more inter- 
esting way, and that the knowledge also might prove useful 
in an emergency winter situation. L agreed and stated that 
he had discussed the unit at home. He also indicated that 
he felt his attitude had changed toward snow, from it being 
a nuisance to having more importance. These are meanings 
in the Immediate Area of Being. 

M described the application of the unit to everyday 
life as in a survival situation: 

M This was not obvious until all the work 

had been done. Before doing the unit I 

EHOMGNt le WOULdm DLODa bye ee zen iO 

déath in a survival) situation. It had 

always been assumed it was warmer on 

top on the snow rather than under it. 

I would have sat in the car and frozen. 
M's comments indicate meanings in the Immediate Area of 
Being. She continued by mentioning that the unit had been 
discussed at home a number of times, particularly the 


temperatures recorded under the snow. She described the 
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quin-zhee construction method to her brother who proceeded 
to build one. Her concern and involvement in the unit at 
this level indicates meaning in the Responsible Area of 
Being. M also indicated a more positive attitude toward 
snow in winter and a desire to do more work of this type. 
The students were asked to react to the knowledge that 

a similar unit would be done in Biology 39. T said she 
would look forward to it: | 
ay A lot has been learned so far. In 

another course you could become more 

aware of factors you hadn't thought of, 

that never even occurred to you that 

actually exist. 
R and S thought it would be good but S qualified his answer 
by stating that he doubted there would be much more to be 
learned, indicating a desire to be exposed to new materials 
rather than repeat for greater understanding. Q agreed and 
thought it would be easy to get good laboratory marks. 
This suggests meanings in the Passive Area of Being. er 
however, sees value in expanding her knowledge and her 
meanings approach the Responsible Area of Being. N was 
positive, indicating again that a break from class routines 
and experiencing a real situation was desirable. He also 
indicated that the social interaction of the laboratory 
group was important. These meanings are in the Immediate 
Area of Being. P thought the idea was fine but did not 
elaborate, possibly indicating a meaning in the Passive 
Area of Being. M thought she would like to do it again and 


L said it would be enjoyable. These meanings are in the 
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Immediate Area of Being. 

The students were asked to rate the snow unit. N 
though] =lt) rated eight ton sawscale of » ten. The reasons 
given are as follows: the activity took place outside the 
classroom itself thus breaking boredom; the activities took 
place in the real world; the activities were enjoyable; the 
activities provided information and techniques which were 
seen aS practical considering the Canadian climate. The 
First three are meanings in the Immediate Area of Being. 
The final point is in the Responsible Area of Being. The 
time allotted to the unit was sufficient. 

P rated the activities as average. She thought that 
most people were already aware of the concepts investigated 
and that repetition is a waste of time. On the other hand 
she had never done field work before. Her meanings are in 
the Passive Area of Being. P agreed that the time 
available to do the unit was satisfactory. L and M rated 
the snow unit as reasonably interesting, L from the point 
of view of breaking up class monotony (Immediate Area of 
Being) and M in part due to the perceived usefulness of the 
knowledge gained (Responsible Area of Being). R thought it 
was done in more depth than any laboratory he had done. It 
involved more extensive work and as such was rated as an 
eight or nine on a scale of ten. An in-depth study is 
considered of high value by the student. S said he was 
very critical of laboratory activities and that he would 


Fate the laboratory at seven or eight, since he gota Tot 
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Outmcof doing ts Q agreed with R on the value of an 
in-depth ‘study and that it” involved” thinking. Doing the 
work in the field was also a positive factor. T rated the 
Unit, <asteani@eights or snine. She considered that the 
laboratory provided something of use to the student and 
that snow is an inescapable material. These comments 
indicate meanings in the Immediate Area of Being. 

N noted that going outside was preferred to remaining 
indoors. It allowed him to experience the activity and see 
for himself, and not rely on second hand information from 
the teacher. P was prepared to tolerate reasonably cold 
temperatures if field experiments appear to be of value. 
Both comments have meanings in the Immediate Area of Being. 
Because the topic of cold temperatures had been raised the 
Students were then questioned regarding the weather 
conditions during the unit. All agreed that it had been 
exceptionally cold but that this made the conditions quite 
ideale £ort the vtype of -tactivities Tthey = were Vdoing, and 
actually enhanced their results. The cold “had not reality 
bothered them. This suggests meanings in the Immediate 
Area of Being. Three of the students indicated the 
development of a more positive attitude toward snow. 

The students were asked for any concluding comments. 
R indicated that the unit was fine as is and it was a good 
one to do. S$ stated that the first Semester class should 
have had the opportunity to do the unit. Apparently they 


were upset about not having had the chance. This suggests 
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meaning in the Responsible Area of Being. T considered the 
VabOratory to be of Sufficient value that she also 
expressed concern for those who had not participated in it. 
This also suggests meanings in the Responsible Area of 
Being. 

N noted that he and a friend intended to use a 
quin-zhee as an overnight shelter. According to N, people 
in this country have to deal with snow and the information 
gained could be useful. These meanings are in the 
Responsible Area of Being. 

P stated that she had learned the material in Germany 
prior to coming to Canada four years earlier. Snow was a 
rare material but the theory of snow insulation was a 
school topic. This was a reason for not finding the unit 
of great value. N interjected that if she had lived her 
Hite vind country in which cold is) a naturals occurrence she 
would change her mind. P still considered snow to be a 
bother rather than a material of interest. Her meanings 
are in the Passive Area of Being. 

R had discussed the unit at home with his father and 
with students from a first semester Biology 28 class who 
atid) Nad not done the Unit.  T aiso had discussed the wunie 
with first term students who were curious. She explained 
what waS going on and reported that they were quite 
interested. These meanings appear to be approaching the 
Responsible Area of Being. S indicated that information 


from the unit had been used outside the class. She had 
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demonstrated the effects of a quin-zhee to her little 
sister who did not believe it was warmer under the snow. 
The sister was now able to understand how the quin-zhee 
could be used in an emergency. DERSees an application. or 
the unit to the benefit of others. This suggests meanings 
in the Responsible Area of Being. 
Researchers Observations on the Activities in Class. 3 

Observations 

A £ull situational—-interpretative evaluation must 
include actual observations of the students in a specific 
educational situation. Teaching the snow unit to my own 
Biology 29 class allowed me to observe the students in 
action and note their reactions as they proceeded through 
the various activities. I selected the five days from 
Februanmy o23. tcauMarch.5,, 1982). inclusive, s (to conduce (the 
CVG ey Because of semestering, Biology 20, a three credit 
course, was scheduled on alternate days with a period 
length of 8@ minutes. Although this would interrupt the 
COntInudey Of SEhessOutdocr sactlvitiess to. some extent, 
particularly over a weekend, it was the same situation 
being faced by other teachers in many school systems. The 
term had commenced on February 1, 1982, interrupted by the 
two days of Teachers' Convention. The students were only 
now becoming familiar both to me and to each other. 

The materials were assembled and Part 1 of the student 
booklet was distributed to the students during the last ten 


minutes of their February 19 class. Blot ce and) -abiLocic 
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factors had been discussed in class by that time and the 
unit was introduced as a special study on abiotic factors 
having a major effect on local organisms including man. 
The students were subsequently assigned to laboratory 
groups which were expected to continue through the 
laboratory activities during the remainder of the term. 
Students were grouped in pairs with the expectation that, 
during the snow shelter activities, the groups would be 
combined so that there would be sufficient manpower 
available to complete the exercise within the time 
limitations. Girls were paired with girls and boys with 
boys, based on my own bias gained from past experience this 
early in a semester. Because of uneven numbers one group 
was comprised of three boys. The students were then told 
to read the introductory section carefully and to begin 
Exercase 1, completing the snow sampler except for 
Calibration, prior to the next class: They were also to 
read over all other parts of Exercise 1 and be prepared to 
set up their snow kits next period. 

On February 23, 1982 the unit began. About thirty 
minutes were spent discussing abiotic factors in winter, 
using the student booklet as a guide. The class then broke 
up into their lab groups to complete Exercise 1. Nineteen 
of the twenty-three students had brought in snow samplers, 
including one of the two students who had been absent from 
the previous class. The majority Mad followed] the “lab 


instructions to the letter. Five students brought handles 
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much too long and one had attached the handle lengthwise 
and backwards to the side of the tin can. Two students had 
used cans that were too large. These students indicated a 
back goL = reading ability, sincerest .or  Cime sin) their, 
preparations. The remaining materials required to complete 
the snow kits were available in class and the students 
completed their tasks within the remaining time. 

During the final ten minutes of the period the 
Students were instructed to read Exercise 2 carefully and 
informed that we would be going outdoors the next period to 
set up snow stations. The weather had been abnormally cold 
and windy. A good 38 cm of snow was on the ground. 
Conditions were ideal for clearly defined results to be 
obtained. From the reaction of the class however, there 
seemed to be a distinct reluctance to head for the 
Outdoors. The students were warned to be prepared for 
outdoor work and for the extreme temperatures we could 
expect. The prediction of the Snow temperature results for 
Exercise 2 were done on an individual basis at this time. 

February 25 was cloudy and cold. The ambient air 
temperature outside the school registered LON STO. I had 
selected an isolated, treeless area which was easily 
accessible at one end of the school. Most of the students 
had come well prepared for the weather. Kits were gathered 
uD and ‘the students, with a minimum of reluctance, 
proceeded outdoors. There appeared to be an undercurrent 


of genuine enthusiasm, probably because outdoor or field 
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work waS a new experience for nearly all the students. 
Leaving the classroom and its routines seemed to be a 
motivating =lornce . 

Snow stations were quickly set up in locations I had 
mapped out on the blackboard. Steady winds had been 
blowing, forming a hard crust in some areas and dumping 
loose snow in others. Measurements were taken without much 
difficulty. The hard crust did interfere with thermometer 
insertions in the snow and two were broken. It was also 
obvious that three or four students had either not read the 
lab instructions as assigned or had forgotten the steps to 
be taken. One student would read the instructions out loud 
while his partner performed the task. The students had 
little trouble using the data sheets but did complain that 
it was hard. to remember the precise instructions. A note 
waS made to modify the data sheets to include either a 
prepared or student written outline of the specific steps 
required. This had already been suggested by the teacher 
of Class 1. Written work would tend to guarantee that the 
reading had actually been done. 

The work was finished in about thirty minutes. They 
all appeared to have observed the temperature gradient in 
the snow and most were surprised at the specific 
temperatures recorded, even though some had predicted the 
correct sequence. 

The final minutes of the class were spent pooling data 


for averages and picking up the first lab report forms, due 
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for completion by the beginning of the next period. There 
was sufficient time for the students to begin their lab 
reports. Things seemed to have gone relatively well. 

The second field activity was held on March 1 after a 
three day break including a weekend. Except for footwear 
the students were prepared for the weather, which remained 
unchanged. Three students had "forgotten" to complete 
their lab reports but the others had done a credible job. 
The first student entering class had commented that going 
out was a “drag" but there was no further evidence of a 
negative attitude. 

After clarifying any problem points the groups moved 
out to their Snow stations and completed recording their 
data. The air temperature was -17°c and the wind caused a 
definite chill factor. New snow had fallen and some of the 
“snow stations had disappeared. Most were able to locate 
their sites but two groups were not certain. Stations Bs 
sites were generally obliterated and students guessed where 
they were. Needless to say there were many Suggestions 
about using flags as markers. In planning ehe vunit this 
difficulty had been recognized but was weighed against the 
problem of the visibility of a marker to unwelcomed guests 
between classes. This had been a problem in piloting the 
Unit and during other field activities. Albeit, marker (of 
some kind would have to be used in the future. 

The students worked hard and fast, talking and joking 


throughout and seeming to enjoy themselves. Again a few 
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students. either had, not read or could not. remember “the 
instructions and had to use the booklet. The measurements 
aeestation B proved’ to be a problem. Because of the open 
field environment, data that were to establish the concept 
of high density/low insulation simply were impossible to 
record. A note was made to either modify the exercise or 
enanges the site soft Station, Bi to a) protected varea. There 
was ample time for the students to get back to class, pool 
and discuss the data and commence the second lab report. 

On March 3, 1982, the school day had been shortened 
for administrative reasons and class time reduced to sixty 
minutes. Panes 2e,0f sthes instructional es bockleosswas 
distributed to the students and the exercise on the snow 
shelter was examined in order to explain the need for a 
“DulIngme.ok (SNOW. sesesshony woutdoons. Students had been 
Instructed to bring snow shovelis to class. Half had done 
so. More shovels were needed if the snow was to be piled 
up quickly. Fortunately the school had a shovel supply and 
enough were “borrowed" so that all students were suitably 
equipped. The groups were doubled for this activity (and 
the subsequent part of the exercise) and the snow piles 
were completed in less than a half-hour. Good-sized mounds 
were built although two groups would have preferred to keep 
theirs small, for reasons of physical. effort. Most mounds 
ended up larger than required, the students stating that 
bigger was better. The ample supply of snow made piling 


easy. Most of the snow was soft but the hard crust in some 
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spots hindered progress. A tired but apparently happy crew 
returned to class. A total of six pre-quin-zhees had been 
made. 

The remainder of the class time was spent by the 
Students' reading the research article and completing the 
assignment associated with it. The loss of twenty minutes 
from the usual length of class period meant that for most 
Students this assignment had to be completed at home. 

March 5, 1982, was sunny but windy. The ambient 
temperature was -6°C as the students began to hollow out 
their quin-zhees. All but one group seemed to take pride 
in their construction efforts and quickly burrowed inside. 
The students had been asked to provide materials, such as 
plastic garbage bags, for doors. Some groups had forgotten 
and ended up using either a jacket or snow slabs, an 
interesting use of ‘the natural materials at hand. One 
group continuously heard cracking as they burrowed out a 
hollow and at first thought the shelter would collapse. 
When nothing happened they regained confidence and 
completed the task. When they later had to break down the 
shelter for safety purposes they were shocked and impressed 
at its actual strength, along with others who also 
experienced some difficulty demolishing their quin-zhees. 
The required measurements made, each group member spent 
Some time inside to record the impressions of the subnivean 
environment. The students mentioned the darkness, the 


Silence, and in particular, the warmth. The impression of 
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warmth was aided by the cold wind. Two or three groups 
decided to add extra people to the shelter and one of these 
groups —~recorded additional temperature data, With 
considerable reluctance the students broke down their 
Shelters and returned to class. Final lab report forms 
were distributed but there was not enough time for the 
students to complete them in class. 

On March 9, 1982, with the Snow unit complete, the 
normal Biology 28 program resumed. Now back to usual 
routines, class enthusiasm and spirit which had appeared to 
develop during the field work seemed to wane. The students 
gave the impression that getting back to regular routines 
was a letdown. Many asked if more work of this type was 
going to be done. When the possibility of spring aquatic 
field work was mentioned, they appeared quite pleased. 

Propblens ;dildlicyop. up, ~pabticulanly. witne che slap 
reports. More written and verbal instructions proved to be 
needed to indicate the depth expected of the discussion 
section. Most students did the minimum, some because they 
did not know how deeply to cover a topic, others because 
the minimum appeared to be a maximum for them. Some 
modifications in the data sheet are required to help 
students in remembering the measuring techniques required. 
Students who forget to bring a vital piece of “equipment 
delay investigations and penalize others depending on them. 
A number of the activities must be adjusted to compensate 


for various environmental conditions. In general, however, 
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the snow unit appeared to have been a reasonable success 


and, in my opinion, its basic objectives were met. 


Reflections 

En most theses the reflections and general comments on 
Enepresults ob othe research ware found, ingthe final chapter. 
The research in this case has centered on the snow ecology 
unit and the many personal meanings that the participants 
attributed to this experience and to laboratory work in 
general. Considering that I had designed the laboratory 
unit and that the observations described above are those I 
have made on the activities within my own classroom, it 
seems an appropriate juncture to reflect on my own views of 
the unit. 

My*s opinions on the, ettectiveness ol slaborarory 
investigations have already been described and mirror most 
of the feelings of the science educators cited in Chapter 
2. However consciously and unconsciously my personal bias 
and vested interest in the success of the unit had also 
affected my interactions with the participants and the 
eventual written descriptions and interpretations. The 
Snow unit was designed to give students a meaningful 
experience with the most obvious environmental factor in 
this scountry;..cold and, snow. That little prior use made vor 
the winter environment for field investigations probably 
made the unit itself more effective than a tried but true, 


widely known experiment or series of experiments. ial = 
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Hawthorne effect may have influenced not only opinions of 
the unit but concomitant discussions on laboratory meanings 
in general. 

More than four years were involved in the research, 
design and piloting of the unit. Initial user response had 
been positive and, with revisions, the basic goals of the 
unit were expected to be achieved. Students and teachers 
were not going to experience a situation which was, under 
normal envi ronmentaleeconditions,  goang toe “bomb oue™. 
Nevertheless the temperament of the environment was a major 
EACEOR ne che “success Of* the “unit, Because of unusually 
mild winters a number of pilots had been abandoned. The 
air temperatures were typically winter but snow would be 
non-existant. Twice, an early thaw had raised air 
temperatures sufficiently to melt the snow only two weeks 
into the second semester. The unit? could startle bute act 
finish. Even during the final evaluation there were 
problems with the weather. On the other hand, for Class 2 
and= Glass 3, conditions “for obtaining? «superior® results 
could not have been more ideal. I must now consider 
whether the unit is one which can be part of a scheduled 
series of investigations in a semestered school year, or 
placed in some other science program where the teacher has 
the freedom to teach the unit whenever the conditions are 
favourable. 

When conducting the unit in my own class there is 


little doubt that I was well prepared to introduce the 
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unit, and may have done so with more careful attention to 
details and motivation than for other investigations. I 
had also subsumed information from the interactions with 
Classi. li. The unit was going to run smoothly whether the 
students sliked § it. vor snot. When things  -dide note allurgo 
according to expectations, my reactions were more defensive 
than usual and any resultant remarks to the students 
probably reflected an additional touch of sarcasm. iedid 
make every attempt, however, to approach this laboratory 
according to my usual presentation of lab investigations. 
In general terms I was quite satisfied with the 
results of the snow ecology unit. The students appeared to 
be enthusiastic and the concepts involved had been clearly 
illustrated. An exception was the density experiment which 
was, effectively, a dismal failure. Students could snot 
locate previously marked measuring stations and, through my 
on-site questionings, demonstrated that they had not seen 
Ene eslqnnetcancesiof density «ats iall. It exemplified 
frustration in both the students and myself. Students were 
frustrated when thermometers broke in the snow, when snow 
crystals were difficult to classify with the magnifying 
glasses they were given and when a few of the snow samplers 
broke. I was not overly receptive to students who could 
not follow my “simple written instruction", who broke 
equipment, who had obviously not read instructions 
beforehand, and who looked disinterested. The failure of 


many students to bring shovels and door materials for the 
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Einal activity was “irritating, to say the least, Thais 
might have ruined the experience for both students and 
myself if an alternate source had not been available in the 
School. On the other hand, I was impressed with the 
students who had forgotten to bring doors for the quin-zhee 
but imaginatively used slabs of hard-packed snow as an 
alternative. The effect was not only more realistic but 
suggested that they were sufficiently interested in their 
work to stubbornly complete it rather than give up. This 
technique will now become part of the snow unit 
instructions. 

The enthusiasm of the students for the work, their 
positive attitude in most cases, even while working 
outdoors in the intense cold, and their amazement at the 
data, individual and pooled, was most rewarding. They not 
only could discuss and extrapolate from the concepts 
illustrated but even discussed having used the information 
Gut of sclass sand “school. The experience of interviewing, 
discussing the “pros” «and “Cons” Of the Snowsunit and lap 
work in general, revealed to me that the laboratory 
enterprise ,. according to. My Interoretation soreschein 
descriptions, had more effect in terms of their personal 


experience than I had realized. 


Summary of Student _and Teacher Interpretations, Class 3 


This summary includes items which provide alternative 


or additional interpretations from those described in the 
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previous two summaries. Teacher comments are those of the 
researcher since both he and his students were the 


Dareicipantsicin. Chis situation. 


Passive Area of Being 


Student frustration was a key factor in reducing the 
laboratorysto.an Sl °li.do. it because-i have to” situation. 
When one of their snow stations was obliterated because of 
a storm there was an observed lack of enthusiasm to 
Continue pwith- that) part. wofasene, exercisec This was 
mentioned by the students during interviewing. Their 
inability to adequately classify snow crystals, due to 
techniques and equipment, resulted in the students' 
PAOCtORMmMg a0 DesuLes. They also mentioned that in a 
laboratory situation where they thought the teacher was 
less than enthusiastic about an activity, the lab was 
merely considered to be "busy work". 

ASesvLeviously. noted sin. boObhwsChass @iavand a. Classes 2 
interviews, reading appears to be of some concern. From 
observing sand workings with, the ‘students in the -Lab 
situation, the researcher suspected that many individuals 
had done little preparation requiring reading prior to the 
acLivreLess The students during the interviews confirmed 
that reading was not enjoyed and for some only done with 


reluctance. 
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Immediate Area of Being 


An aim of the researcher was to design activities in 
which the data collected was reasonably clear and the 
implications. obvious. The “students, noted that. they, did 
need things to "go right" to maintain interest. 

In@ediscussingss data, collection, we) agreed, that 
predesigned data recording sheets were required to help in 
the organization of data, particularly in the intense cold 
experienced during the unit. 

The researcher had included a number of diagrams to 
Supplement instructions in the lab booklets. The students 
Stacea that siillustrations help to clarity a ‘number sof 
points of which they were unsure. They also mentioned that 
labs incorporating the use of previously learned techniques 
were valued in that time was saved and data collected was 
more accurate. Practice makes perfect. From experience 
the researcher had observed this desire and thus it was 
deliberately incorporated into the unit. The students did 
Suggest that when new or unusual equipment was to be used, 


a prior teacher demonstration was valued. 


Responsible Area of Being 


The Students indicated that another aspect of using 
previously learned techniques was to improve their ability 
to discuss the data, draw better conclusions and thus raise 
their level of understanding. 


It was agreed that some lab work took up a lot of time 
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tO make 4 point in comparison to students” “being “told 
specific facts. One student thought that if a course load 
was heavy, the class could be penalized by doing too much 
lab work, implying that a lab activity must be seen as 
having definite value, otherwise it restricts other modes 
of learning which are of value. All agreed however that 
the lab provided a learning experience which regular 


classroom and textbook learning could not equal. 
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CHAPTER 7 


A SUMMARY AND RECOMMENDATIONS 


Summary 


The meanings teachers and students give to the snow 
ecology Unie mand “tom laboratory activities have been 
evaluated qualitatively using a situational interpretative 
approach. As ‘such, it is tiseftul in revealing one aspect of 
both the snow unit and the role of the laboratory in high 
school biological science in examining the effectiveness of 
laboratory oriented exercises as a teaching strategy. 
Although no final conclusions should be made based on the 
approach staken Jing Enis ~anvestigation, both students cand 
teachers, through interviews and their analysis, have 
Suggested that the snow ecology unit and the laboratory 
enterprise it exemplifies are indeed worthy endeavours. 

The laboratory exercise, typical of the high school 
setting, places restrictions on what a student may or may 
not do and thus may or may not learn. This simplices that 
experiences in the laboratory would tend to have meaning in 
the Passive and Immediate Areas of Being. However, with 
open-endedness, the applications to other studies and the 
real world, plus a positive attitude on the part of the 
instructor, students may develop meaning in the Responsible 
Ared, of Being, sa characteristic) for which educators must 
GoOntInuall ya strive. In developing a program, the educator 


Siould attempt to design curricula which will pérmit enis 
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to happen. It is too easy to emphasize content and rote 
memory because it is simple to grade this type of learning. 
It is also difficult to conceive of a teacher, having 
attitudes toward laboratory work with meanings in the 
Passive Area of Being, promoting otherwise in students. 

The mark or grade, the educator's ultimate source of 
power and control, is still the most direct method of 
measuring students' apparent success in mastering 
knowledge. AS a motivating force it often must restrict 
both students' and teachers' meaning of an activity to the 
Passive Area of Being, but few will suggest it is not a 
necessary tool in educational repertoire of evaluation 
approaches. Meaningful human experience as a major goal of 
any educational endeavour must permeate the thinking of our 
program developers. 

The willingness of both teachers and students to 
respond to the situational-interpretative approach, 
specifically through the interview, is clearly evident from 
their comments about the snow unit and laboratory 
activities. These may serve in part as a guideline for 
anyone intending to use the laboratory as a teaching 
strategy in the biological or other sciences. 

Few students felt that the laboratory or its 
Bee eae activites had meanings within the Passive Area 
of Being. Meanings in this area were characterized by 
comments indicating that labs in general had to be 


completed in order to complete the course or to gain a 
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passing grade. This also involved the reluctance to read 
instructions or paragraphs of information unless a penalty 
of some nature were imposed. Aa .tew ~labsiza Patt Loulamiy 
dissections, were simply disliked and completed only 
because they were required, regardless of their apparent 
value. Labs which simply verify clearly understood 
Goncepeswalso. Fite into.thispicategory, the attitude being, 
"Why do something we already know?" Boredom is implied. 

A number of meanings bordered on the Passive and 
Immediate Areas of Being, depending on ae specific 
interprecatlon,jaitw.d. specific time... The Labi is definitely 
considered a break from usual (and often boring) classroom 
routines. To.many, thes lack of ‘clear cut results), (data) 
and the malfunction of equipment may relegate activites 
from the Immediate to the Passive Area of Being, the lab 
then being considered a worthless, time wasting experience. 
This was exemplified by the problems encountered by the 
Students when attempting to age the Snow crystals, which 
led, in some cases, to the recording of data simply in 
order to have data. A poor working environment may also 
negate, to some extent, a potentially important lab 
assignment. However, if interest is aroused, the effects 
of unusual conditions such as the intense cold experienced 
by the participants in the snow ecology unit, may be 
minimized. 

In the example cited above, recognition on the part of 


epudents that the cold reflected  Ehe) vealities cof fa 
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Canadian winter indicated meaning in the Immediate Area of 
Being. This area was also exemplified by such comments as 
"lt. Was; fun" or "I was able to talk to ether students”. 
Factors which aid students in obtaining, handling and 
interpreting data can also have meaning in the Immediate 
Area of Being. Students suggested, that to be effective, 
labs must provide the participant with clearly stated 
procedures, suggestions on handling data collection and a 
way of presenting data interpretations in a logical manner. 
If procedures already learned in a previous lab could be 
used in a subSequent investigation, it appeared to be a 
more meaningful learning experience. There must be 
sufficient time allotted for an activity to be completed 
and the data examined with care. Too much material 
presented at one time leads to confusion and frustration. 
Diagrams, such as those used in illustrating temperature 
recording points, are valuable as additions to verbal 
explanations. Making predictions prior to data collection 
arouses interest and the comparison of predicted and actual 
results tend to reinforce the concept under study. 
Definitive, as well as surprising data, which allows for 
straightforward conclusions, also reduces the frustrations 
of handling limited amounts of inconclusive information. 
The results must correlate with the clearly stated purpose 
of the investigation. 

Students generally felt that a report of their 


activity was necessary. They suggested that this 
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requirement plus its evaluation were measures of their 
personal understandings of the concepts studied and added 
incentives to do a more thorough job of both the 
investigation and the report. It is interesting to note 
that the “incentive" concept is also a major factor in the 
"free enterprise" philosophy of our western tradition. 

The students felt that lab work was a valuable 
activity. They seemed to understand concepts more clearly, 
remember them longer and have less difficulty in recalling 
the information learned, compared to normal classroom and 
textbook learning. By working in groups, information could 
be shared and problems discussed. 

Many meanings were clearly within the Responsible Area 
of Being. - The lab provided a more personal control over 
their learning experience. They were able to make first- 
hand observations and actually experience scientific 
phenomena. Seeing is believing. As a result they could 
make a decision on the validity of a test or concept rather 
than accept the written (text) or spoken (teacher) word as 
Pie ae Quito talc Many were prepared to suggest and 
InvVesStigace additional topics lanising from. thie bDasic 
activities. They not only desired to produce a laboratory 
report but suggested that a proportion of the questions 
involved. in the “inerpretation of data be at Ya “ditticule 
level. This would challenge them to integrate theory with 
Practical “Investigations, tnus, making = the labs more 


meaningful. Since biology deals with life, some students 
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considered that field work allowed them to examine events 
which were in a more realistic situation. Students 
appeased) CO mValucesnigniy sactivities. and comes ote in 
laboratory work which can be applied to everyday life. The 
quin-zhee investigation is representative. Not only could 
the students ~see. its —potential use in an. emergency 
Situation, but some actually discussed this aspect out of 
School, even to the extent of constructing thempat. home to 
DEOVesthelr point. 

The general conclusion of the students was that 
Habonpatony swork must: ‘be an integral qpart of any obvology sor 
science program, and through the concepts examined, such as 
those in the snow ecology unit, could be learned from text 
book or classroom information, the overall significance of 
these concepts would be severely reduced and the course 
limited to an exercise in the memorization of facts. 

The teachers interviewed also expressed ideas and 
concerns both for the snow ecology unit and laboratory work 
in general. Many of their observations were similar to 
those of the students and within the same Areas of Being. 
These include the fun aspect, breaking with classroom 
Routines, being out ins the, realyworld and the like: They 
did have a number of additional comments which reflect 
their role as teacher participants. 

Both teachers noted that students will often tend to 
Gake the easy way out of an assignment or €xercise and 


produce the minimum unless closely supervised. They see 
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the students as having meanings in the Passive Area of 
Being, while their own meanings are in the Immediate Area 
Of Being. The latter "area" is exemplified by further 
comments. 

Both teachers found the snow ecology unit to be well 
organized, required minimum teacher background and 
preparation and easily modified if necessary. They saw the 
studentsssas whavingmelittle @difficulty in performing sthe 
activities, establishing concepts and understanding the 
principles illustrated by the data they gathered. 
Questions in the lab report require both simple and complex 
answers, although both would like to see an increase in 
higher level questions. 

Jones likes to be personally involved in the lab and 
this may be reflected by students’ comments on the positive 
attitude displayed by teachers doing lab work. Smith sees 
the lab as a chance for students to assume all responsi- 
bility for the activities, and thus he observes rather than 
participates. He also feels that some lab work is not 
essential and that the techniques can be taught within the 
classroom environment. 

Both teachers indicated that the evaluation of lab 
work should indicate a bias toward higher level discussions 
of concepts and issues raised in the lab. Smith finds that 
students who either cannot or will not work at these levels 
find the lab experience somewhat frustrating. This 


indicates meanings in the Immediate Area of Being. 
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A number of their comments indicate meanings in the 
Responsible Area of Being. Jones and Smith saw the 
laboratory experience as essential for a complete education 
in the sciences: discovery initiates excitement and 
interest; it is "doing" science. Smith added that reading 
research articles is also one of the roles of a scientist. 

Jones is concerned about the safety of the student in 
dvitewent, laboratory (situations vand» tCakese) it) into 
consideration when doing an activity, a topic not raised 
during student discussions. She still feels that even with 
duurisk factor, the laboratory |§is “the = place to be. for 
practical experience. 

Both teachers use the lab as an activity to be 
modified to suit personal and specific class needs and 
recognized their own need for a good background in the 
Subject area to perform to their ability. Sufficient time 
for an activity is valued since it permits the student to 
move through each step without rushing thus contributing to 
a better quality of work. 

Jones and Smith both raised concerns with the ability 
of students to read and communicate in written form. The 
lazy student does little of either and good students 
require extra motivation, particularly marks, to make them 
fully concern themselves with reading and written skills. 
The teachers indicated that these skills are essential and 
can be developed through laboratory work. 


In conclusion, Jones and Smith noted that a major 
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feature of the unit was the relevancy of the material. It 
not only fit in with the theme of Biology 26 but dealt with 
the local, real Canadian environment, which had more 
meaning for the student both from the theoretical and 
practical points of view. Where possible, laboratory 
activites should capitalize on this factor. 

It was indicated in Chapter 2 that many science 
educators consider laboratory activities to appear to 
provide students with more than simply a learning 
experience, even when data from quantitative studies were 
unable to substantiate this contention. The meanings that 


Students gave to the winter ecology activities lend 


p= 
"ps 


considerable support to these "gut" reactions. 
Situational type of investigation would seem to be a method 
by which many hidden meanings can be revealed. 

In terms of the value of laboratory experience this 
Study indicates that students can and do move through the 
Areas of Being. Though the initial stage of an activity is 
often in the Passive Area, once the laboratory begins, 
meanings regularly tend to shift into those characteristic 
of the Immediate Area and, in many instances, end in the 
Responsible Area of Being. I view this as a highly 
desirable effect of any learning experience. In this 
respect the science laboratory has considerable merit and 
it is imperative, therefore, to encourage the use of 
laboratory experiences whenever and wherever possible. The 


use of more open-ended investigations rather than the 
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structured format as used in the winter ecology unit may 
accelerate this effect. Indeed, it may be that all the 
participants may move toward the Transcendent Area of 
Being. 

Because the teacher is still the centre of focus in 
the majority of classrooms teacher attitudes towards 
laboratory activities may modify the students' attitudes. 
Regardless of the teacher, some individuals may proceed 
through an investigation with reasonable success and 
indicate meanings in the Immediate and even Responsible 
Areas of Being. If, however, they suspect that the teacher 
considers a particular activity, or lab work in general, as 
being less than desirable, they assume the same attitude. 
The students of those teachers tend to have meanings which 
are mainly within the Passive Area of Being or, at best, 
extend into the Immediate Area. The value of the 
experience from the viewpoint of the student has been 
severely reduced. Science teachers, of necessity, must be 
convinced of the positive values of the laboratory if a 


ETuULy successttl Science program sto result. 


Comments On The Research Methodology 


From my experience with qualitative investigation, a 
number of comments seem appropriate and of value to those 
considering the use of this particular methodology. 

Qualitative methods do provide important data in terms 


of student and teacher meanings of education situations. 
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As such they are to be encouraged, where suitable, in 
science education research. 

bMtervivewing =. participants. vieads. (initia llyashoe ea 
Stress Lud esi tuati on. Nervousness on the part of an 
Mtervilewer may result notewonly ine poorly tormutated 
questions but restricted responses on the part of the 
interviewees. Researchers preparing themselves’ for 
emic-evaluation approaches should carefully study interview 
strategies and practice interviewing techniques. 

The number of prepared guide questions for the 
interviews should be kept limited and as general as 
possible. Too many questions may tend to restrict or even 
predetermine the final data obtained. Examination of the 
Information weoli ected Following? thes “completuicon fot 
interviews will, in all probability, reveal a number of 
themes which can then be used to organize the data for more 
meaningful interpretation. 


Groups si zecwelinvolved = 1n inte rnvlewing wid ero f 


Necessity. Vabhy Sin «Si zemdependingmon tmany, sLactors:., 


However, I have found that a group of three appeared to be 
the most Satrstactory size. Within the ever-present time 
constraints, interviewees are able to interact with the 
interviewer and each other, yet still appear to have the 
MSececugity weroe | ae'oroup Satuativons The preparation of 
subsequent interview transcripts is also made more 


manageable. 


They time “involved !) in ®*qualiitative iresearch is 
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considerable, A researcher must recognize that time will 
place constraints on the length and depth of the study and 
the number (ot. participants Sinvolved. It is recommended 
that a major block of uncommitted time be made available, 
particularly during the data-collection and verification 
phases of the research. 

The bulk of research time involves the preparation of 
transcripts from taped interviews. This may be reduced if 
the interviewer, rather than preparing word-for-word 
ERanscmup tise, Summarizes the points made in the 
conversations and adds interpretations where relevant. A 
permanent set of tapes must, however, be available if 
specific references or quotations are required. Validation 
of .comments, made~by. the participantswrls .critical. The 
participants in this study were given summaries of their 
comments, were quick to point out any misinterpretation of 
meanings on the part of the researcher and appreciated the 
OppokEunity, to elarity them: 

Tit 1 see quid ne Sditt i cult Serorsiany Binteny lewer eetc 
continuously jot down conversation sequences and comments, 
yet still appear to be interested in what an interviewee is 
discussing. Serious consideration should therefore be 
given to the use of videotape recorders during interviews. 
Body language, such as the nodding of a head, a shrug, a 
Smile or other subtle actions may reveal meanings 
unavailable with only audiotaping. As well, in a group 


interview, possible difficulties in determining exactly whos 
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is speaking and the precise sequence of utterances can be 
resolved. 

To maximize the effectiveness of educational research, 
investigations should consider using both quantitative and 
qualitative methods within the same study. Alternatively, 
a team approach to a research topic in which different 
members use different approaches could provide more 
meaningful information on the worth of curricula. 

In order to gain general acceptance within the 
scientific community, scientific hypotheses and theories 
require strong supporting evidence. This should equally 
apply to science education, regardless ot Mes 
elassif£ication aS a social science. The methodology used 
in the gathering of meaningful data must, however, reflect 
the social aspect of the investigation. To rely wholly on 
a Single research paradigm is to ignore the information 
that alternative strategies, if available, must surely 
provide. Mary Lee Smith (1982) made the following comment, 
one I feel LSseMOSst ofa DD ro pid ater, On  Meaturalistic 
(qualitative) methods in research in science education: 

In order to be more authentically 
Sic entd B11 one needs disciplined 
collection of evidence uSing a variety 
of methods, dispassionate and logical 
interpretation (eine the evidence, 
examination of the assumptions 
Underlying: borne evidence wands ame 
methods that generated it, evaluation 
of the perspectives of individuals who 
provide the data. Naturalistic methods 


can make research in science education 
mone Scilentviic. 
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bipriivantitative Vand «qualitative “studdes are? used eto 
complement each other where possible, the resultant data 
must surely provide us with more meaningful information 
than any one single research paradigm is capable of doing. 
This study has provided some support for the inclusion 
of laboratory experiences as an integral part of biology 
and other science programs at the high school level. 
However, typical of most research investigations, probably 
more questions have been raised than answered. Future 
attempts to answer these questions should provide evidence 
allowing us to make more definitive statements as to the 


worth of laboratory activities. 


Personal Reflections 

Curricula are always undergoing formative evluation, 
Ve Snet byesthe desiaqner, certainty by =the spractircing 
educator, in order to meet the needs of students, school 
and community. The snow ecology unit is no exception. As 
discussed sain) Chapter @4,..the =module underwent “many 
modifications before entering its final test as part of an 
in=school program. Both teachers and students, by their 
participation in the study, were able to provide support 
foretos: wore sehnee activities Pass well acssecConstriuc tl ve 
GRUtCLcism for future «changes. These suggestions for 
change are welcomed and will be acted upon prior to further 
use. 


The qualitative research method used during this study 
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appears eto nave considerable value’ as (part “of avholistic 
evaluation approach to a curriculum by revealing the user's 
point of view. The users, teachers and students, must have 
diveGraeinpuULe Into aecliGni culuMima study = sinces sthey...) not 
usually the designer, are in the front lines facing the 
Gay—-to-day, realities of classroom, school’ and community. 

Wilson and Rothe made the following comments with 
regard to their research in qualitative evaluation: 

I view the study of emic-evaluation 


MidU1hy wassmbelig sea) PDEOdUCGT nO E my 
thinking. Dialectically, I have also 


become a product of my work. Such a 
dialectic relationship between self and 
the Socal world acknowledges 


experimental knowledge as a foundation 
for educational research (Wilson 1976). 


Within the parameters of dialectic time 
and change we need to be attentive to a 
basic existential phenomenological 
assumption that each occurrence in 
time, as described, represents one 
desemipielon 70 f sone saCGiuLy lity mate one 
time. If I were to undertake a similar 
research in the future the procedures 
would common-sensically change since 
participants, situations and time will 


have changed (Rothe 1979). 
My own views on the snow ecology unit and the laboratory 
Somponenieot man Dicology pDrogramsmust. of #necessity cerlecs 
the views of the participants. Lecould not help burs be 
involved with each of the ongoing situations, evident by 
examination of the interview records. The approach, style 
and questioning techniques were modified during the 


investigations, reflecting past problems and changing when 


the situation appeared to merit change. ivavibicy Ss vhi5 Te¥e) 


220 


fob \ yee” gone Sap icere: ot ate 
sit gnddat) G4GL) Balad (hee nareai cniioninatsid 
asingemas Boe kodeW) pwesvanat> Jor eedsd leony 
ji cinpaers  @piveiio? of! eten sized poe meetin 
ied) fenctet@ @giSes!/vep al ¢oxeeses vieds.9, 
As)eoaniatesotes tc vives ate wery TI 


ye 96 seupe?9 a pa Mabry 
nei oY velt age gee ye «Sailr 
i ane aonbe moved 


a @pur 3a 8 © 
iwn 180 aaqwsed api bey as sisosint® 
eechoivensae élieo feisoe end 


ngi sn aed ©  e tebalaen isdnuni 29q"ue 
ete) enh 2 se0ee Tadiksacthbe 107 


ania gheagemly 3%: Wen pee ec? “haTIM 
4 @s avededade ac ur Seer oe Opteto bas 
jeclealuaeRevsda§ .t iyaéetes, cised 
ai @onsawmiaes *s85 seta eeliqoesas 
ane aveeeett2  -bedreteeb ¢@ -  . emis 
aso .28h Waves iv 30 Aels@ir9aeb 
setpata BR wdeareen al Grew ) T- semi2 
pe WOATV? ce "iA sav ene ol asv6ee9) 


Bieta apes: yi Lec igoirq=qneame> , bivew 

je anit Bee ancreauels .,a3eaul siszeq 

ete, eivedy Segrmde ever 

A steyidint 684 Hes tom ypaluce MPRE ot7 Ge svete (ae gee 
ine they PSleaeaee’ 7h teen ma TeeiG y@eoiet@d & 24 Inenoqees: 
o . Sage \aegen ee? less: cappwi gheteg 082 34 ayetv og . 
vy sah «eabiiarcie eeices, eal Oe pete adie bavlovoel 
‘ide \Asbeage® GO? aathoeter pORWERRGL ahe 3e noleinineee 
aot ‘gelehh Yeijibee ose¥ e@epbadere prinelinapp - 


pede \ORregasas Sao aetdec ig ieag onitaeties ,arotszegl 


n@ 6 UO LOFT sonnets ti ie8 a8 ee 


Liiustration of the living social Yvelationships) in, «the 
Glassroomeand sthesworida. 

Because the participants in science activities are 
individuals, they have their own interpretations and 
meanings of laboratory experiences. While some may relish 
the idea of a scientific investigation others, for whatever 
reasons, have little or no interest in the _ sciences. 
Within a class one invariably finds a wide spectrum of 
abilities, interest and personalities. To »expect “all 
students to think of laboratory experiences in terms of the 
highest Areas of Being is to be somewhat unrealistic. 
Nevertheless, if the results of this study have any 
Slgnitveance:, Lt is too =sugqest “that the”? Laboratory. 
enterprise is a definite and significant part of a biology 
program and that there are many factors to consider when 
designing a Suitable laboratory experience for most of 
those who participate. 

in, conclusion, the students and teachers, by 
Participating In this “study andewillingly “expressing their 
thoughts and feelings, were themselves acting in the 
Responsible Area of Being. The snow ecology unit and the 
laboratory experience it represents, within the limits of 


this sstudy, appeared to exhibit those characteristics held 


to be valuable by its participants. 
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Table 1l 


Lowest January Temperatures, Average Date of Freezing and 


MmotalsSnowfald -for Some Selected Locations in Canada, 


Adapted from the Canada Year Book 1974-71 


Lowest Jan. Average date of freezing Total 


Location Temps. on First in Last in Snowfall 
Record °c Autumn Sp pang inwcm: 
Kamloops, B.C. = 35.6 Sept. 26 May 4 82.6 
Edmonton, Alta. -49.4 sept. 19 May 27 13 Glens 
Saskatoon, Sask. -48.3 Sept. 17 May 27 199.7 
Winnipeg, Man. -47.8 Sept 19 May 26 IESYGE, S) 
Thunder Bay,Ont. -41.1 Sept. 8 June 1 214.9 
POronto,— Ont. —-32.8 Oct... 4 May 9 3 Sioa 
Ottawa, Ont. —-38.9 sept. 28 May 13 208i! 
Montreal, Que. -33.9 OG wz April 24,5 25064 
Quebec City,Que. -36.7 OGPee le May 7 304.3 
Moncton, N.B. = 37.0 Sept. e235 May 24 2/528 
Hadad tax, ON sO. -29.4 OCi. 26 May l ikshis a al 
Soon: SaNDLa. —29 4 OCr aS June 1 Sheila 
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Table 2 
Some Common Snow Terms Adapted From, Prewitt Clos) and 
Phillips and Watson (1977) 


English Pn t 

Snow (falling) Anniu (an-nee-you) 
Snow that collects on trees Qali (kall-ee) 
Snow on the ground Api (aye-pee) 


Depth hoar (heavy frost at 


ground level Pukak (pew-cak) 


Wind-beaten snow Upsik (up-sik) 

Smokey snow or drifting snow Siqoq (see-cok) 

SUN GCHUSEe Siqoqtoaq (see-cok-tow-ak) 
Digit | Kimoaqruk (kee-mow-ak-rook) 


Sharply etched wind-eroded ' ore. 

Snoteaip tases Kaioglaq (kay-oh-glak) 

Bowl-shaped depression in snow Qamaniq (com-an-nique) 
around base of trees 
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Table 3 


The Texts Presently Authorized for the Biology 29 Program 


in Alberta 


Biological Sciences Curriculum Study. 19737 Biological 
Science: An Ecological Approach. BSCS Green 


Version, third edition. Agincourt: “Gage and Co. 


Biological Sciences Curriculum Study. LI6S8PeBil6ological 
Science: Ane tiinguirye IntoerLi fe. BSCS Yellow 
Version, second edition. 

Don Millis: Longman Canada. The Laboratory manual 
of this program is also to be used with Otto and 


Towle. 


OGCO, J. He and A. Towle. LOT SeModern Biology. TOrONntO: 


Holt, Rinehart and Winston. 
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Table 4 


Title Core or optional 


Snow aS an insulating material Core 


The snow shelter and the subnivean 


environment Core 
The winter diet of the snowshoe hare Optional 
The aquatic environment in winter Optional 
A census of animals activity in winter Optional 


insect activity in winter Optional 
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Figure 1. Three Major Perspectives’ for Interpreting 


Programs Based on Werner (1978) 
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Figure 2. The Four Areas of Being (Rothe 1979) 
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WINTER ECOLOGY ACTIVITIES 
FOR USE IN 


SECONDARY SCHOOL SCIENCE 


PART I 
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Snow cover, for many species, is the most 
important element of environmental resistance 
and struggle against this particular element 
is almost beyond the species' ability. 


Ao N. FOrmMOZzOV §(1946) 


In the literature of the sciences that ought 
to be most concerned there is even yet little 
to suggest that snow is a major element in the 
environment of life. 


Wee. PLulct, mates (O70) 
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INTRODUCTION 

Like it or not, low temperatures and snow are with us 
during much of the year and, in most of Canada, winter is 
the dominant season. Youw are aboute to “engager in san 
investigation of our most common "mineral", snow, and its 
impact ~on the ‘organisms “that live totally or partially tin 
our sub-arctic climate. You may be in for a few surprises 
or ‘simply verify what you already know or _ suspected. 
Regardless, an examination of the winter environment should 
tilustrate™ the “problems “facing organisms, ‘human )7or 
otherwise, which live in a northern (boreal) country and 
some of the adaptations which aid in their survival. 

All organisms, man included, are totally dependent on 
their environment for survival. The environment, the total 
Surroundings of an organism, may be divided into two parts 
for convenience. Thus, the biotic. environment 91S 
everything in a recently alive (human, bears, mosquitoes, 
bacteria etc.) while the abiotic environment consists of 
all those non-living factors which influence an organism's 
existance (light, sound, climate, minerals, etc.). 

Any change in the environment will have an impact on 
organisms. If they adapt to the change they survive. Le 
novPpsextinction 1S a distinct «possibility. 

In Canada, as in all’ northern “countries; the most 
eratwcalusablotbic factor 1s siclimate sa spanticularly Sthe 
extremes Ee cempe tatters In winter this is” always 


accompanied by that. unique "mineral" known as Snow. The 
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lives of the earliest inhabitants of Canada, the northern 
Indians and the Inuit (Eskimo), were so influenced by the 
presence of snow that they developed a complete vocabulary 
of snow terms to help them describe specific conditions 
which could affect such activities as hunting and travel. 
These terms are so precise that many have been added to the 
language of science. Table 1 gives some of the commonly 
used terms. A number will appear in the investigation to 
follow. 


Table 1. Some Common Snow Terms Adapted from Pruitt (1975) 
and Phillips and Watson (1977). 


English Inuit 

Snow (falling) Anniu (an-nee-you) 
Snow that collects on trees Qali (kall-ee) 
Snow on the ground Api (aye-pee) 


Depth hoar (heavy frost 
at ground level 


Pukak (pew-cak) 
Wind-beaten snow Upsik (up-sik) 
Smokey snow or drifting snow Siqoq (see-cok) 
Sanmecrust Siqoqtoaq (see-cok-tow-ak) 


Di giihaie Kimoaqruk (kee-mow-ak-rook) 


Sharply etched wind-eroded 


i la kay-oh-glak 
Snow surface Kaloglaq (kay g ) 


) 


Bowl-shaped depression in 


Qamani (com-an-nique 
Snow around base of trees q 


eee ee nl 


Organisms that are full time members of our country must 


: : One: 
adjust to temperatures ranging anywhere from 35 C in summer 


to -5¢°c in winter. Occasional extremes extend each end of 
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the scale. Table 2 provides some interesting data on low 
temperatures and snowfall from some well know locations 


across Canada. 


Table 2. Lowest January Temperatures, Average Date of 
Freezing and Total Snowfall for Some Selected 
Locations in Canada, Adapted from the Canada Year 
Book 1978-71 


Lowest Jan. Average date of freezing Total 


Location Temps. on Pigste in Last in Snowfall 
Record °C Autumn Spring LneeeM. 
Kamloops, B.C. -35.6 Sept. 26 May 4 82.0 
Edmonton, Alta. -49.4 Sept. 19 May 27 Ieies 7 
Saskatoon, Sask. -48.3 Sept. 7 May 27 LOO a7, 
Winnipeg, Man. -47.8 Sept. 19 May 26 1 Ores 
Thunder Bay, ont. —41.1 Sept. 8 June 1 214.9 
EOTO M tOryn OM. -32.8 UGE. 74 May 9 139.4 
Ottawa, .Ont. -38.9 Sept. 28 May 13 2 AO 
Montreal, Que. -33.9 OGtser2 st April 24 250.4 
Quebec City,Que. -36.7 (@fehe a til May 7 304.3 
Moncton, NB. =-37.8 sept. 23 May 24 275.40 
Hala tax, Noo. -29.4 OCtewes 3 May l 180.1 
Stu. wohn s NEld> =29'4 Oct, 9 June 1 380.2 


Wind 1s anreaddrrional problemesince ac Tresults= in vaychidd 
factor which reduces the effective temperature even 


further. 
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When low temperatures arrive in winter, the activity 
of organisms is affected and the availability of food is 
limited, especially when covered by snow. A.N. Formozov 
CES46) a, Russian “biologist and one of the first (to ‘study 
the impact of winter on organisms, has provided biologists 
with a method of grouping our northern animals on the basis 
of their ability to withstand winter. His three major 
groups are defined: 

Pewecnioncephobes — animals which are unabley to adjust te 
snow and must avoid it or die; snow 
haters (eg. pronghorns; summer birds; 
waterfowl); from chion (Greek for 
snow) and phobos (Greek for fear). 

2. Chioneuphores - animals which can survive in regions 
of snow (eg. moose; elk; fox). 

3. Chionophiles - animals which possess adaptations for 
Snow and whose range is limited to 
regions of the world that have snow 
during the winter season (eg. Snowshoe 
hare; caribou); snow lovers. 

Plants are also affected by snow - and cold 
temperatures. Ice or snow that builds up on branches of 
trees and shrubs (qali),a condition best observed on fir 
and spruce trees, may cause them to bend or even break. 
Plant life on the ground may be covered by snow or, if wind 
Swept, exposed to both the low temperatures of winter and 


theyvwind “chidd) £actor. In extreme cold, water in the cells 
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of shrubs and trees may expand enough to split the plant 
Brom eropeto, bottom: Since plants are the base of food 
chainsieand swebs; ) their wsurvival @isicrittical 6fortall other 
organisms. 

Biologists now refer to any climatic effect on an 
organism as bioclimate. Therefore in order to understand 
the impact of temperature and Snow on organisms one must 
Study the winter bioclimate and this necessitates the 
collection of all types of data. -The first ‘step is to 


examine snow itself. 


SNOW AS AN ABIOTIC FACTOR 

In order to obtain data on Snow/temperature 
relationships, it is necessary to establish a snow station. 

A Snow station is a location, often permanent, where a 
number of measurements are recorded concerning snow and 
temperatures. These may include the temperature above, 
within and beneath the Snow cover, snow depth, snow 
density, the number of snow layers, and often snow hardness 
and crystal structure. The data recorded offer clues as to 
the environmental effects of this unique substance. 

Sometimes a permanent station is set up during the 
autumn before the first snowfall. Various instruments, 
many of them complicated and expensive, are installed and 
data can be accumulated over long periods of time. 

More often, temporary stations are established at 


Convenient sites any time of the winter. Very little 


247 


c °° a ~ 


| oe a : 
tony oes =A btw Hd tea veo amare fae edo: 
- : 7 “ 
tent? do awed was one jadaadg eonlt alana more 
ute a ented 
. 


_ mir #5 
| zn 18% 


1. 32 : 
ue en tongge otsanissa, yar ve ale wun vedulgo ied 7 


; yo aes 
ape substi oo @@bas, al ere te 181% -sgeaiieoid eo ne 


sadee Tie 4.0 Faetets® Gi Ievitree sa ye 


jim® wie Bee Arpay te weed toe @ sisninint weil ie. aan 
oseslezeaen att! 3a ii-4ld Seraiw ote ghee 


ae i 
qei0 2aytt- act sg2qg8 sc eoay? Tle 7e aglenel ‘adh 


sSlensl vere signee 7 


—— 
antcue@ STT¢. 44 MA Be whee . 

y ge won 74 e7 seb360 ny 

2 sy Yarw.a del foe | tranhm ob 34 -apldangi sales 

ody .eneeented enett \adterses « ©) Heicese-wene. #. 


7a se pets te” wan csjrumstvedes Jo ‘ymcitns, , 
— 

wide Saucdseeees edt “einhd yee CGee? . eeTUIn Tegme; 
.439Ge8 wants YRSVe3 YORH We jseenad bas. A 
Saenahian vere avts bie ,=revel vOonek Fs redainn wd.) 
G9 Gh syed 16286 Etgerves stm OTT -PyucOY SIS Is 
eoestadve aigony vider de eanette asa eno t 


= 
ned 
es 


| ats yn to. tem @) ool pete) Jenene) 


wet vale wants 


a + peraeMeTAe! au! eV Eten 


ene map ate ,avins mane ‘* amet | 
aa | alapoleet am we 


equipment is required and reasonably accurate observations 
can be made. 

Tne the following @panagrapns Some of the jbasic 
measurements taken at a Snow station are described, along 
with brief comments on the usefulness of the data 
collected. The Inuit terms for special types of snow are 
now part of biological language and should be learned as 


you proceed. 


Snow Depth 


The deeper the snow (api) the greater its weight on 
anything beneath it and, for some organisms, the more 
dtTEpicuLe eit sis to. move sthrougheor shovel the build up mct 
snow. Light is prevented from reaching the ground, many 
sources of food are covered, and as a result, organisms 
must adjust their feeding habits or leave the area 
completely. 

Snow on branches of trees (gali) can bend or even 
break them off. The depth of snow in a specific 


environment can provide information on the survival factors 


for native organisms. 


Snow Strara (Layers) 


Unless blown away, melted snow accumulates over time 
with each snowfall overlying earlier ones. Because each 
Snowlalde hasieits owntMparticulane charnacteristicsy yea 


crossection of the snow shows each individual fall as a 
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layer or stratum, much like the appearance of sedimentary 


Fock layers. Crystals of snow can be sampled and even 


given an age based on structure. 


Snow Density 


Snow can range from soft powder to near ice. Ask any 
skier! Density indicates how close the snow crystals are 
to each other or, in layman's terms, how packed the snow 
is. Light snow can have a density of 9.2 g/cm, while the 
density of ice is about 90.9 g/cm. Snow is always compared 
to water, which has a density of 1.9 g/cm. If you had a 
choice tofs being hit “by a’ snowball® ofe density 9953 g/em> 
compared to one of 9.8 g/cm, which one would you choose? 
Dense: snow; covering food forvean “animal, \‘can’ prevent 
feeding; dense snow, on the roof of a house can cause 


collapse. Engineers must take this into consideration when 


designing buildings. 


Temperatures 


Snow and low temperatures go hand in hand and have a 


pronounced effect on organisms that live in snowy regions. 
Since organisms are in physical contact with snow and air, 


thems temperatures “offs both? play —ani critical reles “in =the 


survival ability of organisms. 


Snow Crystal SEructure 


Snow crystals change with age and with climatic 


factors. The examination of crystals can reveal the age of 
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the snow and whether it has been wind blown, melted and 
refrozen, etc. This@evechnigqgue Ws 9lused7eein part,” -to 


determine the age of glaciers. 


Pukak Development 


When snow has been on the ground for a while, a gap, 
filled with large snow crystals (pukak), normally forms 
where the snow contacts the soil or grass. For organisms 
under the snow, the pukak layer is very significant. 

To summarize, information from the above measurements 
(plus others) gives a picture of the conditions northern 
organisms face at different times of the winter and 
indicates the probable survival rate of many species, 
including man. For example, avalanche prediction in the 
mountains is dependent on knowing the angle of the slope, 
snow depth, density, crystal structure, number of strata 
and age. A combination of these factors eventually reaches 
a critical stage where even a loud shout will cause tonnes 
of snow to cascade downhill, demolishing everything in its 
path. 

The purpose of the activities which follow are to give 
you experience in collecting data from a snow station, 
interpreting the data and predicting some of the effects of 


winter on northern organisms. 
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Exencisesl =. The Preparation of Snow Measuring Kit 


A Snow “kit, = consisting = on basic = measuring stools, 
should be assembled before going into the field. Because 
the kit must be portable, bulky materials have to be kept 
to a minimum. Keep this in mind when collecting your 
equipment. Some items will be provided by your instructor; 
otherseiyou" «willauhave® tComfobtains*yoursele® or “construct. 
Instructions for making equipment are given after the 
following list of items basic to a snow kit: 

Thermometer - alcohol type; the thermometer must be 
reinforced to prevent breakage when 
inserting into hard snow (eg. tape the 
thermometer to a wooden ruler, dowling or 
the equivalent). 

Snow Sampler - used for the determination of snow density. 

spring Balance = (or equivalent) - used for determining the 
weight of a snow sample; it should be as 
sensitive as possible (eg. 9-258 g range). 

Metric Ruler - a metre stick or roll type tape is 
preferable. 

Brush (Paint) - any brush 5 - 8 cm wide with soft bristles 
is adequate; used to prepare the face of a 
snow profile. 

Hand Lens - any magnifying glass Wola do; BLO 
examination of snow crystals. 


Pencils: Erasers —- for data recording and correcting. 
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Snow Crystal Classification Charts - one chart should be 


used for classifying new snow; the other for 
the crystal structure (thus the age) of the 
snow. 
Disposable Aluminum Pie Plate - for use in constructing 
balance pan. 
Select a container that is portable and holds all the 
above materials. 
Some examples are: 
- a cardboard box with a handle 
- a small backpack 
- an unused microscope carrying case (Watson & Phillips 
1976) 
- plastic ice cream bucket 
Plans for making and using some of the bove apparatus 


follow below. 


The Construction of a Snow Sampler 


Materials - tin can 3686 mL or larger. 
- juice can hole puncher. 
- piece of dowl or equivalent (eg. hockey stick 
handle) about l2- Cis Long . 
- graduated cylinder (or equivalent). 


- wood screw and a screw driver. 


1. Obtain a clean tin can with the top removed. 
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2. Using a graduated cylinder fill the can to the top 
with water in order to determine its volume. Empty 
and dry the can and record the volume on the side 
(waterproof felt marker is excellent). 

3. Using the juice can hold puncher, make three holes 
in the base of the can (Figure 1). Carefully 
flatten the projecting pieces of the tin flush 


against the base of the can. 


Figure l. Hole Locations in the Base of a Tin Can Snow 
Sampler. 


Base of tin can 


re) Hole for handle attachment 


iS Puncture hole 


Ax Puncture a hole in the centre of the base and attach 


the handle using a wood screw (Figure 2). Drilling 
a small hole in the end of the wooden handle makes 


the job easier. 
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Figure 2. Side View of a Tin Can Snow Sampler with the 
Handle Attached. 


Hole for balance hook 


5. Drill or puncture a small hole near the top of the 
can which is large enough for the hook of a spring 
balance to enter. 

The weight of the sampler must now be measured. 
Attach the hook of a spring balance through the hole in the 
Side of the sampler. Suspend the sampler and record its 
weight. Because no two spring balances are quite the same, 
use only the one that will be in your kit. Use a felt 
marking pen (or equivalent) and record the weight directly 


on the sampler. 


Constructing an Aluminum Pie Plate Balance Pan 


Snow is often so light that a sample you are 


attempting to weight makes very little impression on a 
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spring balance. An aluminum foil pie plate, obtained at 
any grocery store makes an ideal lightweight balance pan. 

Puncture three equidistant holes through the margin of 
thespan. Tie vasstrong, piece of string 20 - 25 cmain length 
through each hole. Knot the three loose ends together, 
adjusting them so that when suspended from the hook of a 
spring balance the pan remains horizontal as in Figure 3. 
Record the weight of the pan and string with the spring 
balances and srecornd sthas’ Rintormation edirectly son) the, span. 
Use a waterproof felt marker or equivalent. 


Figure - A Pie Plate Balance Pan 


Spring balance 


Paenaqeperl 
OL erry) 


Supporting string 


Aluminum foil pan 


Exercise 2. Using Your Equipment 


Read over this section carefully. Once in the £ield, 
you have not the time to spend reading instructions 
(especially. Vi) 1tos =20°Cj\n If you have problems ask your 


teacher before going outside! 
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Using a Snow Sampler 


Since snow forms layers, a snow sampler is pushed 
horizontally into the snow in order for the layers to be 
examined. Try not to mix snow from different layers in the 
Sample taken. It is best to use a shovel (or equivalent) 
to expose a smooth side of the snow bank. The sampler is 


inserted as in Figure 4 below. 


Figure ee Using a Snow Sampler, Adapted from Tretiak 
(1973) 


Knife 


1. Push sampler in full distance 
2. Cut through snow at end of sampler 


3. Carefully withdraw 


Snow sampler 


Snow stratum 


Ground 


When the sampler is pushed into the snow, the holes in 
the back permit air to escape and allow you to see if the 


snow has filled the can. 


A dull knife (trowel; shovel) is used to cut off the 
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snow so that your sample exactly fills the sampler. You 
have collected a precise volume of snow which can now be 


weighed and its density calculated. 


Determining the Weight of a Snow Sample 
Method Il 


A number of methods may be used to weigh the snow 
collected by a snow sampler. The simplest is to use the 
sampler itself (Figure 5). Hook a spring balance through 
the hole in.the side of the snow filled sampler and read 


the weight directly. 


Figure 5. The Snow Sampler as a Weighing Pan 


Spring balance 


Snow sampler containing snow 


Since the weight of the empty sampler is known, the 
weight of the snow can be calculated. Because Snow is 
lightweight, the combination of a heavy sampler and a low 


sensitivity spring balance may cause problems. 
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Method 2 

Empty the snow in your snow sampler directly onto the 
pie plate pan. Suspend the pan from the spring balance 
(Figure 3) and record the total weight. Subtract the 
weight of the pie pan from the total weight to obtain the 


weight of the snow sample. 


Exercise 3. Predictions 
Before setting up a real snow station and recording 
actual data, examine the following theoretical situation. 
The outside air temperature is -25°C. The snow in an 
open field is 38 cm deep. A biologist takes the following 
temperature readings: 
a) at the upper surface of the snow (the sSnow-air 
interface) 
b) half way from the surface of the snow to the ground 
and 
c) at ground level (the snow-ground interface). 


From the above information predict what you think the 
temperature might be. Don't worry about being exact or 
very accurate. Give temperatures that appear reasonable. 
There are no right or wrong answers. If you don't have the 
slightest idea, put a question mark in the space provided. 

Pneer? yours predictions: on? the “Datd’ Sheet > No. wa 
provided by your instructor. 

Later you can compare these predictions to the actual 


results you obtain at your snow station. 
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Exercise 4. Snow Depth and Temperatures. 


Before going outside to the study area to investigate 
snow depths and temperatures in the air and snow, read over 
the instructions carefully so that you will know what to do 
when you get there. 

Be sure to wear appropriate clothing. Because of the 
cold, use pencils (have two or three available) to record 
data. Enter your data on the sheets provided. Keep them 
in a folder or attached to a clipboard for easy use and 
protection. Use this technique for all other studies in 
this series. 

A list of materials you require is provided below. 
Your teacher will organize you into groups of a convenient 


size. 


MATERIALS 

Complete Snow Kit 

Metre Stick or Equivalent 

Dull Knife or Equivalent 

Lightweight Shovel or Equivalent Per Person in Group 


Snow Crystal Classification Chart 


PROCEDURE 

Select a precise location for the establishment of two 
snow stations. They should be in a specific environment, 
Such as a school yard, open field, espen grove, woods, 


cluster of evergreends, etc. Working procedures are 
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described below. Teeis important: to™ tollow all steps in 
tnevorder given. Trails eco wthe “snow station, diqging. in 
the snow, etc. disturb the natural environment. Keep 
disturbances to an absolute minimum. 

On of the two snow stations will be called your major 
Station and coded Station A. Most measurements will be 
made here. The second station, coded B, is to be located 
about two metres away from A and will consist of 


deliberately disturbed snow. 


Act snow Depth 


Using a metre stick, one member of your group should 
measure the depth of the snow at Snow Station A. The metre 
stick may simply be pushed into the snow, perpendicular to 
the surface, until it contacts the ground (Figure 6). The 
snow depth is then recorded in centimetres. Record the 


depth immediately. Keep snow disturbance to a minimum. 


As2 Erepaning Snow Station B 


At the spot selected for your Snow Station B use 
shovels to break up the snow in a one square metre area. 
The snow can be chopped, cut and lightly pounded. This 
should decrease the snow depth at this point. The station 


will now be left alone. It will be used at a later date 


for some key measurements. 
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Figure 65 Measuring Snow Depth with a Metre Stick 


Metre stick —— 


ALL REMAINING WORK IN THE EXERCISE 4 SERIES 


WILL BE DONE AT SNOW STATION A. 


4.3 Temperature Measurements 


Refer to Figure 7 for the location of the temperature 
measurement points which have been designated by the letter 


"T" followed by a numeral. 
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Figure 7. A Vertical Section Through the Snow and Location 
of Temperature Recording Points 


Snow-air interface 


The snow-air interface refers to the contact point 
between the upper surface of the snow and the air above, 
while the snow-ground intervace refers to the contact point 
between the snow and the ground. 

Temperature readings, in the snow, are taken at 
specific depths by inserting the thermometer into the snow 
at the points indicated in Figure 7. 

Tor get ‘toy these points, ashole must be “dug to the 
Grounds to» expose a.crossection (vertical surface) cof (the 


snow. The hole must be large enough to easily make 
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temperature measurements. Probably 68 cm x 48 cm would be 
adequate. 
Because the diagrams represent aed possible 


Situations, the site of your snow station, as well as snow 


conditions, may limit the number of temperature reading 
points. Record only what is possible. 


Since digging a hole exposes the cut surface to the 
air, the temperature recordings must be done in the order 
outlined below to prevent the air temperature from 
influencing the results. The thermometer must be left in 
place for two minutes so that the temperature can stabilize 


if differences occur. 


1 - Snow-Air Interface 


Record the temperature of the air at the Snow surface 
(Snow-air interface). The thermometer cannot sink 
below the snow surface and must be in position for at 
least two minutes before recording the temperature. 
Reste Vt One apeplece ‘ofmvycardboard|yepaper Siete. if 
necessary. Be sure the thermometer is shaded from the 


sun. Record the temperature on your data sheet. 


T4 - Snow-Ground Interface/Pukak Layer 


If the snow has been on the ground for some time, 
Dukakis cae especial crystallune tsnowheilayermiuli or alr 
Spaces (or even a complete gap) may have developed at 


the snow-ground interface. This is called the pukak 
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layer. If present, the temperature should be taken 


within this space. 


Insert the thermometer, then block off the opening 
using a small amount of snow to prevent the outside 
air from entering the gap and possibly affecting the 


temperature reading. 

If there is no pukak layer, simply insert the full 
length of the thermometer into the snow at the 
Snow-ground interface. Leave for two minutes, remove 
and immediately record the temperature. 


Record the distance from the upper snow surface to T4. 


Mid Point in Snow Cover 


Record the temperature within the snow half way 
between the snow surface and the ground. Use the same 
technique aS above. Record the exact distance of 


point T3 from the upper snow surface. 


5 cm Below the Air-Snow Interface 


Using the above procedure, record the temperature 5 cm 
below the air-snow interface. Remember to leave the 
thermometer in the snow for two minutes before 


recording the temperature. 
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Results and Discussion 

Your teacher will provide you with special forms for 
entering and interpreting your field data. Read this 
section carefully before completing them. 

Biologists use a variety of techniques to present 
collected data. Tables and graphs are very effective 
because relationships, if any, can uSually be seen clearly. 
Maps, drawings of apparatus etc. are also helpful to anyone 
not familiar with what you are doing. 

Lists of data are collected in tables, while maps, 
dvawings and graphs” are rererred tomas figures.) Tables@and 
figures are numbered in order of appearance and all must 
have a title describing their contents. 

Complete the tables, figures and questions as they are 
found on your Results/Discussion Form. The information 
which follows will help you to do so. 

A temperature gradient graph, developed by Pruitt 
(1979), is excellent for showing temperature ranges in the 
air and snow. It is set up as in Figure 8 below. 

The temperatures (horizontal axis) obtained at the 
recording point at a snow station are plotted against the 
distance above or below the Snow (Snow level = @ on the 
vertical axis). Once the points are joined by straight 
lines a quick glance reveals the pattern of temperatures in 


the snow. You will have some practice in making one. 
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Figure os 


Distance 1M cn. 


Temperature in Air and Snow. The Depth of the 


Snow is 53 cm. 


Ground 


-30 =20 =10 0 +10 


.. © 
Temperatures wim Cc. 


Plotting Data _on_a Temperature Gradient Graph 


Use the graph paper provided on the Result/Discussion 


Forums. | = DO ail work in pencil. 


i ees 


Indicate the depth of the snow by drawing a 
horizontal line across the graph (parallel to the 
air/snow line already present). 

Above this line print SNOW and beneath it print SOIL 
(directly below and in the same way as the AIR/SNOW 
labels already present). 

On the graph paper use a pencil to make a distinct, 
but not obvl1oUus, Count (ey which corresponds) to the 


temperature at the air-snow interface (Tl). 
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4. In the same way, plot the temperatures recorded for 
points T2, T3 and T4 against the corresponding snow 
depth. 

See US Ndpgas Pencil ad sande muler jounethes pointspuin onder 


with straight lines. 


The Calculation of Snow Density 


1. Density measures the relationship between the weight 
(mass) of a substance and its volume. It may be 


expressed by the following formula: 


Density = Weight (mass) 


Volume 


i= 


For example, if an object weights 15 grams and has a 


VOUNMEmOL oe CUDLC Cm, tts density cans be calculated as 


follows: 
ib) SB B _ Ww 
oy 
W= 15g 
v= 5 em a Led 3 
Seem 


7 _ 
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You now Know that the object weighs three grams for 


each volume unit. 


Pe 


To calculate (thesdensicvy sof snow Wsing vay snow 
sampler, weigh the empty samper with a spring balance 
and permanently record its weight before you 
establish the snow station. When a snow sample is 
taken, weigh the sampler with the snow in it. Simple 
subtraction will give you the weight of the snow as 


follows: 


Weight of sampler and snow - Weight of sampler empty 


= Weight of snow 


If a pie plate pan is used, the method of calculation 


is the same. Simply replace the word “sampler” with "pie 


plate pan". 


You have already recorded the volume of the sampler 


which will naturally equal the volume of snow you collect 


Highs Uae Simply divide the snow weight by its volume to 


obtain the density. 


Here are some data obtained at a snow station and how 


they were used to calculate the density of the snow sample. 


Weight of sampler = 25g 


3 


Volume of sampler = 48 cm volume of Snow 


Weight of sampler and snow = 45g 
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weight of sampler 


ard Sie 2 0D Dad 


Weight of snow 


20g 
weight of snow 


volume of snow 


Density of snow 


Io 20 
i) a6 em 
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When all your work is completed, attach Data Sheet No. 
1 to the Results/Discussion pages, add an appropriate title 


page and submit the report to your instructor. 


Exercise 5. Other Snow Station Measurements 
Except where noted (Exercise 5.4) all work is to be 
done at Snow Station A. 


5.1 - Snow Profile 


Because time usually occurs between snowfalls_ and 
conditions during each fall are somewhat different, a 


crossection through the sSnowpack usually reveals 


distinct layers or strata (one Vayer —" a stratum) 
This ers “Lilustrated**inw Figure 9 Each stratum 
usually represents a single snowfall. To make a 


profile use a shovel to make a clean vertical section 
down one side of the hold previously dug in the snow 
(Procedure 1) so that the layers of snow, if any, are 
visible. Using a “tine “brush “(ies “paint =brush);, 
carefully brush the side clear of any loose snow. 


This should clearly reveal the layers. 
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Figure 9. A Crossection Through the Snow Illustrating Snow 
Layers (Strata) 


fash a Air-snow interface 


Exposed vertical surface 


Snow layer (stratum) 


Record the number and thickness of all layers present 
on your data sheet. Make comments on your observation if 


appropriate. 


Se 2 Density 


In order to calculate snow density, a Snow sampler of 
Known volume is required. The mass (weight of the 
sampler of snow) is recorded and the density 
calculated. The construction of a snow sampler and 


some techniques used in determining the mass (weight) 


of snow have already been outlined. You must decide 


on a method before you begin this exercise. Record 


the volume of the sampler on your data sheet before 


going out into the field. 
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Using the snow sampler as shown in Figure 19, collect 
Samples from the upper, middle and bottom of the 
Snow. Depending on the snow profile and depth, the 
density of the upper and lower snow layers may be the 
only possible measurements. The snow depth and 
diameter of your snow sampler will determine how many 


measurements are possible. 


Elgquresi0: Using a Snow Sampler, Adapted from Tretiak 
(1973) 


ae 


Knife 
1. Push sampler in full distance 
2. Cut through snow at end of sampler 


3. Carefully withdraw 


—— Snow sampler 


Snow stratum 


Ground 


The calculation of snow density will be done in class. 
Seo = SnowsCrystal Structure 

Snow crystals from each level tested with the snow 

Sampler may be examined with a hand lens and their 


structure recorded. The snow crystals may then be 
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Classified according to an accepted standard such as 
the system described in LaChapelle's book, Field 


Guide to Snow Crystals. A simplified version has 


been provided. 


Place a few crystals "on “a surface’ (glove, booklet, 


and examine with a hand lens. Determine the type of 


crystal and record its age number on your data sheet. 


5.4 - Density = Temperature Relationship 


In this activity you will be using both Snow Station 
A and B, recording the same type of measurements at 


both, and then comparing the results. 


- Temperatures 


Using the same techniques you used in your first 

temperature measuring exercise (4.3). 

a) Recording the air temperature at the snow-air 
interface half way between the two stations. This 
should give you an average air temperature. 
(Remember to shade the thermometer.) 

b) “Cut back the vertical wall ot Station A “an @¢xtra 
38 cm to expose a fresh face. Immediately take 
the temperature under the snow at ground level 
(leave the thermometer inserted for two minutes) 
and record. 

c) Take the temperature in the snow at a point mid 


way between the upper surface and the ground. 


Record. 
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d) Cut a vertical section throught he packed snow at 
Station Be Immediately record the temperature 
under the Snow at ground level. 

e) Record the temperature in the snow at the mid 
point between the upper surface and ground at 
Station B. 

5.4.2 - Densities 


Since you have already recorded snow density data from 


Station A, use the following instructions at Station B 


only. 
a) Use the snow sampler to determine the weight of 
Snow just below the upper surface. Record your 
data. 
b) Take a second sample just above the ground level 


and record your results. 


Results and Discussion 
You will now be provided with special forms for 


entering and interpreting your field data. 


When completed, attach Data Page No. 2 to these 


Results/Discussion pages and give them to your instructor. 


Preceed your report with a title page. 
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WINTER ECOLOGY ACTIVITIES 


FOR USE IN 


SECONDARY SCHOOL SCIENCE 


PART II 
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Introduction 

Very little has been written about the ecology of 
organisms in winter, with the exception of few researchers 
who report their work in scientific and technical journals. 
AS a result, even less ecological information has made its 
way into biology textbooks. Considering that half a year 
is spent in a winter-like environment, it is amazing that 
winter's effects on organisms is not very well covered. 
As the north opens up to more activity and settlement, 
knowledge in this area is definitely a requirement. 

Fortunately, reading material is finally becoming 
available. Yours hiusteGassiqnment. aneubarteelierot Byour 
activities will involve reading two articles on basic 


winter ecology. 


Exercise 6. Readings in Winter Ecology 


Read the two included articles carefully. Try to note 
how the data you have collected and studied corresponds 
intomathe sIinformationweln es the santtcles. Pay particular 
attention to the descriptions of snow effects on organisms, 
an area you will be investigating shortly. After you have 
read the articles you will be given a brief assignment 
based on the information presented. If there are terms you 
do not understand, check the glossary at the end of the 
booklet. ore refer sback tor thes list scl inult snow stermms 


(Tables, page 2). tor selaniiication. 
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ABELCLeT] : Tretiakp A. O73 An) adaptation »§ cf fan 
article entitled "Snow Ecology - Some Basic 
Emiormac?on .. 


Arcrele 2. Prudtey = Wi. Or. IO Br. An adaptation of an 
article entitled "Life in the Snow". 


Snow Ecology: Some Basic Information 
Adapted From Alex Tretiak 


Alex Tretiak, A Manitoba science teacher, prepared the 
original article for the Manitoba Department of Education 
Lil D735 

For approximately half of the year, most areas of this 
country are subjected to the continuous presence of a 
blanket of snow, which gradually increases in thickness as 
the winter progresses, and then rather suddenly disappears 
with the return of longer days in the early spring. This 
is the half of the year that most people would like to 
forget, as it is the period of miserable walks from the 
house to the cold car, of shovelling the driveway or 
sidewalk, and of daydreaming about the blue waters and 
green forests of the summers past and the summers to come. 
Our lifestyle is frequently designed to avoid the outdoors 
during this time of year, andm@when swe are forced to pe .our 
Som eany slengthw ob stime,s 1tNs of cens cons lucred =a ieator 
endurance to have “survived" our exposure once again! 

The various media have conditioned many of us to this 
type of response. The news media tell us it is terrible 


outside if it is snowing. When people step outside in the 
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clothing that was designed for winter, they often find out 
the clothing was designed for new winter styles, not the 
conditions of our local winters which are anything but new. 
A change of attitude is necessary if we are to discover 
what winter really has to offer. Nothing is further from 
the truth than the notion that life in the natural habitats 


grinds to a near-halt with the onset of winter. 


Snowfall 

The snowflake that gently falls to the ground and 
settles among its predecessors has just completed a 
complicated journey through the atmosphere. This solid 
form of precipitation begins as water vapour in the 
atmosphere, When the air containing this vapour is 
sufficiently cooled, some of the vapour condenses to form 
clouds. We are able to see this portion of the moisture in 
the atmosphere. Under suitable conditions, these cloud 
particles, which may be water droplets or ice crystals, 
depending on the temperature, collect around condensation 
nuclei. (dust particles, or saltjecrystals)) gin® the jatmosphere 
and grow in size. Once these particles have reached a 
certain size, they start to faldyiuto.tearth. As the 
snowflakes descend, they pass through layers of air that 
differ in temperature and moisture content. These crystals 
may continue to grow, and become altered by the conditions 
that exist in the air through which they pass. «Once: these 


crystals have reached the ground, a close examination of 
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them will reveal great diversity of form as a result of the 
temperature, moisture and winds they have encountered 
during their descent. The two features that will be common 
towawparticular® Ssnowtaliewili™@ ber the diversity of forms: of 
Crystals and the six-sided nature of the crystals. AS 
subsequent snowfalls will have originated from different 
air masses, the flakes that are produced are somewhat 
different. This will produce layers of snow on the ground 
Ghateewilly ditfer “from "previous. falls, Vast numbers of 
flakes must accumulate in order to produce snow of any 
depth. Up to tens of billions of flakes are required to 


produce one cubic meter of snow. 


Permanent Snow 

With the appearance of permanent snow on the ground, 
other factors now come into play and modify this cover. 
The type of snow cover that will result depends on the 
terrain, vegetation, wind action, amount of Snow on the 
ground, andecertain maturation processes that “occur within 
the snow. One™ end result oft Sall” this) is “the unequal 
distribution of snow on the ground. This is an important 
factor in the lives of the mammals that have a very 
intimate prelationshi pr with “the tsnoweon=tne ground. 

One of the most obvious physical properties of snow is 
its density. Te has a very “low density." ©The Larger sthe 
flakes the lower the density as the spaces between the 


flakes become larger. Snow resulting from large flakes has 
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an average density of about 9.05, middle-sized flakes about 
9.89, and small-sized flakes about 9.13. Water has a 
density of 1.8 and ice approximately 9.9. Snow lying on 
the ground slowly becomes transformed and the density of it 
changes with time. 

The most important property of snow is its ability acc 
insulate. AS snow consists mostly of air, it makes an 
excellent insulator. Tt vis this property of ‘snow that 
allows for the survival of the small-mammal population 
during the winter. With the approach of winter, the ground 
gradually cools and freezes at the surface. If there is 
little or no Snow cover on the ground, the ground continues 
to freeze to a greater depth. This is a very critical time 
For the) 'smal l—-mammal population, as they: have “durticulty 
maintaining their body temperature when exposed to such 
COMA ns 

Once there is an adequate snow cover on the ground, 
the cold air above the snow is isolated from the soil 
below. Heat from further down in the soil is transferred 
to,jthes top of the ground and, as a result of “this, the 
temperature under the snow just above the soil is not much 
below the freezing point. Here, then is an environment 
created by the snowfall which reduces the severity of 
winter. ht, ‘offers provections! to. che “small-manmal 
populations, prevents | Dlantsimrandm invertebrates Setrom 
freezing, and even is important for the survival wof winter 


Grain’ crops that man HaS sput an. This) Sorderline) aone 
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between the two environments is called an ecotone, or zone 
of sharp transition. Beneath the snow is a new world that 
ise dark, "silent, ‘warm and “moist. There is no difference 
between* night) and "day sand very little change,” if) any, ©in 
temperature when the air above the snow may range from -1l 
degree C. to -5@ degrees C. The passage of time is not 
marked by any Pluctuations in Ghars subnivean 
(below-the-Snow) environment. It is, in a sense, almost 


timeless. 


Transformation of Snow 

The English language lacks suitable terms to describe 
the different conditions of snow. Both the Indians and 
Inuit have developed a rich vocabulary of terms that 
describe the various types of snow. AS Snow plays such an 
mmportant, crolescin stheiree lives». 1ty is Bnecessary @to 
communicate the exact conditions that exist during the 
winter. The Kobuk Valley Inuit of Alaska have such a 
terminology, and it “is incorporated in the “text which 
follows. 

Snow, or Anniu, begins to become modified as soon as 
it reaches the ground. This snow on the ground is referred 
to. as Api.» In iwindy, exposed country, such as the tundra, 
Snow is blown away from elevated areas and is packed into 
depressions. This) blowing "snow 1s called  5lcog; s which 
means drifting or smokey snow. The snow crystals become 


abraded into very small particles, and their accumulation 
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results in drifts of considerable hardness, known as Upsik. 
In the tundra, these drifts are known to become so hard 
that was stractor “cane drive on them and the cutting! ci the 
snow with an axe becomes extremely difficult. A saw is the 
recommended implement for cutting the snow into blocks in 
such an area. It is obvious that the density of the snow 
has been increased considerably and, as a consequence, its 
insulating properties have decreased. The presence of 
these drifts can influence the vegetation that appears in 
the spring. Plants under a drift are provided with shelter 
from the intense cold and supplied with adequate moisture 
fon Spring "growth. However, Wisthis@drmitt ws too Large and 
sheltered from the sun, it takes too long to melt and 
growing season becomes inadequate for plant growth. Wind 
action thus results in the uneven distribution of snow on 
bhewm.g rounds. Onless good "featunetso: “this mmactions ets ethe 
appearance of low tundra plants through which such snow 
cover provide birds, such as Willow Ptarmigan, with food. 

In sheltered terrain with little wind, snow is not 
modified to such a degree as on the tundra. Thus sin the 
taiga or coniferous forest, Snow remains on the ground to 
be altered by forces other than wind. In a forest, trees 
intercept some of the falling snow. The snow that collects 
on the trees is known as Qali. 

Below the tree is a Snow Shadow with the amount of 
Snow on the ground decreasing as you move closer to the 


trunk of the tree. This bowl-shaped depression in the snow 
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around the base of the tree is called a Qamanigq. 

Since there is less snow around the base of the tree, 
its insulation is poor and the area below the trees is not 
frequented by the small mammals in cold weather because of 
much lower temperatures on the surface of the soil. These 
areas of Wee Snow are frequented by a variety of 
CerrestrialabDirdsini search of tood. 

The addition of snow to the branches of the trees also 
lessens the influence of any wind in the forest below, 
thereby helping to make the forest a more stable 
environment. When a wind of sufficient strength dislodges 
the Qali, the snow surface below becomes pitted with Qali 
Graters. This wind may cause some drifting below in the 
more exposed areas. 

Several processes alter the nature of the undisturbed 
snow. The sun acts on the surface of the snow in mild 
weather and can produce a suncrust or layer of ice. This 
thin diayer -o8 1cesgis calledicsiqoqtoag fand@is noticeable 
when the sun's reflection off the surface of the snow is 
very bright. DuGingea, Mild spell yras light. parneamaysalss 
form a crust of ice over the snow. Another name for an ice 


crust is Nast, a Russian term. 


Snow crystals have very unstable shapes and tend to 
ehange » So, that’ the ~ratio vor @surtacewsarea gto ivolumesiis 
reduced. The change occurs by the transfer of water 


molecubes from one) part of the crystal) to, another, 
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Figure ele Changes in Snow Crystal Form in the Snow Pack 
(from LaChapelle 1969) 


1. Original crystal forms 3. Original forms fragmented 
easily distinguishable and no longer recognized; 
fine-grained old snow 
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A major transformation of the snow occurs because of 
the nature of the soil it lies over. The temperature and 
moisture content of the soil is greater than that of the 
Snow above it. Hence, there is a flow of heat and moisture 
upward from the soil through the snow cover. Through the 
process of sublimation, there is a transformation of the 
Crystals within the snow. Water molecules leave the tips 
of the small crystals and attach themselves to the larger 
crystals. It is called temperature-gradient metamorphism 
when large crystals are produced near the base of the snow 
Covers thats nas grown “at the Sexpense of jtne small tones: 
This granular layer is now known as Pukak, or depth hoar, 
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is the area of activity of the small mammals during the 
winter. 

With this change in the nature of the snow cover, 
there is also a change in the density and hence its ability 


to insulate. 


Life in the Snow 
DY, WuLiamneO mr rultt, dite. 

Dro William OO. -Pruitett ws ammember of the wtaculty vat 
the University of Manitoba, Department of Zoology. He is 
one of Canada's foremost authorities on the ecology of the 
North. The following material has been adapted from an 
article which appeared in Nature Canada, Volume 4, Number 
A 1975. 

If snowflakes were rare objects, generations of 
graduate students would doubtless have received degrees for 
research into the properties and potential uses of snow. 
As it is, some tens of billions of these beautiful crystals 
of frozen water vapour pile up in each square metre of snow 
of even moderate thickness. In greater or lesser thickness 
snow covers more than half of the land area of the Northern 
Hemisphere at some time during the year. In centres of 
civilization, it is welcomed with shovel and snowplow; 
labour and equipment are speedily mobilized to clear it 
from sidewalks, streets, driveways, highways and airstrips. 
The very abundance of snow seems to have suppressed almost 


alls but’ this negative interest “in getting fid" of it as 
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Figure 12. The Growth of Snow Crystals in the Snow Pack Due 
Co Uneat  Eromathesbartn (trom LbaChapel lenl969) 


1. Angular crystals, non layered 
(begins in new snow) 
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2. Small and poorly formed layered 
crystals 
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3. Mature, fine or medium grained 
depth hoar, prominent layering 
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quickly as possible. In the literature of the sciences 
that ought to be concerned, there is little to suggest that 
Snow is a major element in the environment of life. 

To our way of thinking, Snow would seem principally a 
hindrance to the locomotion and food-getting of animals. 
Thessonsets of winter “is gthe oecasion, for spectacular 
southward migration of birds and mammals. But many 
creatures, by anatomy and behaviours, have become adapted 
to survive in snow cover that may persist for nine months 
of the year. Some have developed snowshoes or stilts that 
permit them to move freely above the snow. Others have 
found refuge beneath the snow cover and there have occupied 
a dark, damp and silent world with a constant climate 
warmer than that of the world above. 

The) biologist, who sets <out to study the role sor isnow 
inmthnemlite: historyecand distmibutiongorwanimals ;must Ginse 
learn something about snow itself. A Snow cover is by no 
means simple and homogenous. The Snow cover varies greatly 
in texture and structure from place to place and presents 
sharply contrasting environmental situations. Ong enus 
diverse subject, the wisest instructors are the sub-arctic 
Indians and the Eskimos. Long ago they fashioned quite 
different technologies to take advantage of the special 
properties of the snow cover in the regions they inhabit. 
They each succeeded, for example, in making snow do the 
service of the wheel. On the wind-hardened snow of the 


open Arctic tundra thes Eskimo Sled; ory “Komatik” | @rides 
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upon runners and is unsurpassed in lightness, ruggedness 
aAncmease OG epulling. Por sthe thick, flutiy «snows of. fene 
boreal coniferous forest, or taiga, where the komatik would 
bog down, the Indians created the runnerless toboggan. The 
Eskimos built snug houses quickly and easily from shaped 
blocks of the hard tundra snow, though many of the Eskimos 
have now lost the art. To build a snow house in the soft 
taiga snow, the Athapaskans and Chipewyans first heaped up 
a huge mound of snow, allowed it to harden or "set" and 
then hollowed out a cavern inside. Every winter my 
students» learn) tom buadid? such “snug “shelters  caliied 
"Quin-Zhees",. 

On the snow-covered tundra, the Eskimo can walk almost 
anywhere without sinking, but in the forest, the Indians 
had to devise sSnow-Sshoes - small ones with coarse-meshed 
webbing for relatively dense snow-cover and long, broad 
ones with fine-meshed webbing and turned-up tips for a 
thick ecover "of Light™ snow. Theserich WoresoL snow that 
underlies such ingenious adaptations is reflected in the 
languages of the northern peoples. Each of these languages 
offers concise words to designate particular aspects of 
snow which, in English, call for cumbersome descriptive 
phrases. I have found many of these words more suitable 
than the "“official" meteorological terms for specifying 
Snow conditions in their relationship to the life of 
animals that inhabit snowy regions. 


The variations in snow cover begin with the formation 
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Ofptihesesnow asuate tals. In temperate and cold-temperate 
climates, as atmospheric moisture sublimes directly from 
the vapour to the solid state, the snowflake builds up as a 
Ssix-armed star of hexagonal plates with a thickness of 
about @.1 millimeter and a diameter ranging from one to 
five millimeters. Through aggregation as they fall, such 
Snowflakes may form extremely complex structures. ria ewe 
arctic or sub-arctic, snow falls more frequently as neeles 
Ont Iny es polsms, sanging sun  ength Pirone 2.le tom three 
millimeters and in diameter from 9.91 to @.2 millimeters 
are formed. From the moment they come to rest on the earth 
or upon Snowflakes that have preceded them the delicate 
Stars and flakes change their shape. 

The taiga Snow, on which my work has centered, may 
best be visualized as an emulsion of air and ice, with the 
volume of air far exceeding that of the ice. New-fallen 
taiga snow may have a specific density only five per cent 
of that of water. Beneath the snow cover as a rule, the 
soil is warmer than the air through which the flakes have 
fallen. Heat and moisture, therefore, flow upward from the 
soil through the snow. These temperature and 
Vapour-pressure gradients play —a scrucial) pole Van wthe 
History. of sthe ss cover. Though sublimation, molecules of 
water leave the attenuated tips while the corners of the 
flakes below attach themselves to the tips of flakes above, 
which are colder because they are farther from the soil. 


Ih this process, the larger and more massive flakes also 
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grow at the expense of the smaller and more delicate ones. 
Eventually, the bottom layer of the cover assumes a coarse 
granular structure - "pukak" in the language of the Kobuk 
Valley Eskimos of Alaska. The snow particles next to the 
ground may in time be completely eroded away, leaving a 
vacant Space with fragile, lattice-like walls and roof. 

As the cover thickens with successive falls, its lower 
layers are compressed. Each snowfall, originating in a 
unique sequence of meteorological events, is somewhat 
different from all others. MThus, each layer is made of a 
different type of flake or grain and has a different 
thickness, hardness and density. The passage of a warm 
moist air-mass, bringing thawing temperatures and perhaps 
even a light rain, will increase the moisture content and 
density of the uppermost centimeter or so of snow. The 
succeeding cold air-mass will freeze the moisture and the 
Snow cover will now possess a hard, dense top-layer, or 
even a crust of ice. This layer may be buried by 
subsequent snowfalls. If it is dense enough, it may be 
impervious to the passage of air and water vapour and so 
will cause a change in the steepness of the moisture and 
heat-flow gradients in the cover. Marked fluctuations in 
the air temperature during the accumulation of the cover 
will thus set up complex gradients and a succession of 
ever-changing densities and hardnesses within. 

Later in the winter, a windstorm may Sweep over the 


Snow. Reaching down through the sheltering spruce trees of 
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the taiga, the wind picks up the surface flakes and tumbles 
them about, abrading their delicate points and reducing the 
flakes to shattered remnants. With their smaller size and 
simpler outlines, the particles nest more closely together, 
forming a hard, dense layer. If this reworking of the 
cover is confined to the surface, it forms a “wind slab". 
If it involves the entire depth of snow, as happens 
regularly on the tundra, the cover is transformed into a 
hard, dense mass ("upsik") capable of supporting the weight 
Cfeay lox, wo Mh pecamlDousoniman. 

As the snow whispers down through the spruce trees, a 
Significant portion of it remains caught in the branches. 
Tver wsnow: that eclings sue )Gtheimtrees (crates) often 
accumulates in quantities sufficient to bend and break 
mature spruces. Indeed, there is evidence that in the 
interior of Alaska, breakage by gqali initiates the cycle of 
Forest succession that. gives ~thesstaliga’ jthere its 
characteristic mosaic of evenly aged stands of spruce 
interspersed with stands of variously aged willow, alder 
and aspen. With so much snow caught in the branches of the 
spruce, there develops around the base of each tree a 
bowl-shaped depression in the cover, called a "qamaniq". 
The soil may be bare at trunk, and the snow gradually 
increases in thickness outward from the tree. At the tips 
of the branches the “Snow shadow" ends, and the thickness 
of the snow increases abruptly. 


As the days lengthen in the spring, Sunlight striking 
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down through the trees melts the top layer of snow. Upon 
freezing “athinight, sthe (soggyasurtace) Eormsea “Sunecrust™, 
or "Siqoqtoaq". In high altitudes and latitudes, where the 
coming of spring brings lengthening periods of intense 
sunlight with the air temperature still far below freezing, 
the surface flakes are transformed into long vertical 
spicules called ablation needles or "qulu". 

Foremost (birds and several of the larger mammals, the 
snow cover means Noanie secon Siesroodm= supply. Their 
behavioural response to this ecological challenge is to 
Elees thes country. that” 1s “ideally sulted in Sspring ) and 
summer for their reproductive period - the most vulnerable 
in their life cycle. Investigation has shown that in most 
cases these animals can withstand the prevailing winter 
temperature of the regions they abandon, if they are 
provided with sutfticient) food. It must, therefore, be 
their inability*® to=procure  food™ Erom™@under® the “snew that 
induces their mass exodus. Among birds, the migratory 
species are principally insect-eaters and ground feeders; 
among mammals, the most notable migrators are the elk and 
the gregarious caribou. 

Tohave found that. the winter distribution eolwcaritbou 
is regulated quite precisely by the character of the snow 
cover. Most of them abandon the tundra and its hard-packed 
Snow-cover in the autumn and migrate to within the tree 
line. Aerial surveys of wintering. bands of caribou, 


combined with on-the-spot analyses of the snow-cover, show 
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that these animals concentrate where the snow is soft, 
ivghteands thin, permitting» them tomdig through Leseasilyeto 
uncover the food below. These areas are bound, as if by a 
fence, by areas where the snow is hard, dense or thick. 
The critical hardness, expressed in terms of capacity to 
bear weight, seems to be around 698 grams per square 
centimeter. The corresponding specific density ranges 
upward from sixteen per cent of that of water to that of 
ice (which of course has a density somewhat less than that 
of water), and the fence-forming thickness of Snow is about 
68 cm. In the course of a winter, the caribou bands may be 
seen to move about in accordance with the shifting of the 
fences of unSuitable snow. 

In contrast to the caribou, the moose is an examplar 
of anatomical adaptation. Its long legs reach down through 
the snow cover to the firm ground beneath and carry its 
belly well above the surface. When the snow cover attains 
a Sthickness of about 99 cm,s however, stilts no “longer 
suffice. At such times, the moose packs the snow in trails 
‘or “yards". The alternative to the stilt is the snowshoe, 
and the classic example of this adaptation is the oversize 
feet of the varying hare. But whenever the hardness and 
density of the snow fall below a critical level, the hare, 
too, turns to packing the snow to form regular trails and 
runways. 

Temperature, as well aS snow cover, is an important 


factor determinig the behaviour of animals in the northern 
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winter. Only the larger mammals, the hare, fox, wolf, lynx 
and moose are metabolically able to withstand the extremes 
of cold and live above the snow surface. Smaller mammals, 
such as shrews, voles and lemmings, have such a small body 
mass with respect to their heat-dissipating body surface 
(and@esuch* comparatively” inefficient Pfur)y thatectheirr 
metabolism cannot maintain normal body temperature. Their 
Survival in the taiga winter climate is made possible only 
by the behavioural adaptation that causes them to seek 
shelter under the taiga Snow cover. 

Snow sis) 2 SuCIY" an sel flective wr insularor (that setie 
temperature of the mossy floor of a mature spruce forest 
seldom drops below 72 Car even though the air above may 
fall to -40 or -5@°Cc. In the interior of Alaska, I was 
once unable to detect any temperature change during a 
period of nine days at a spot in the forest floor under a 
cover of 75 cm of snow, even though the air temperature 
above fluctuated between -4 and -33°C. Freshly fallen, 
fluffy snow has a thermal conductivity of only 4.80082 
calories per square centimeter per second through a 
gradient of one degree centrigrade. Thus vegetation, small 
mammals and hibernating or pupating insects are protected 
from the violent temperature changes that characterize the 
climate above the snow cover. 

Small mammals disappear below the surface in the 
autumn when the snow cover has built up to a thickness of 


avout 15 cm. The temperature of the moss and the soil at 
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this time ceases to follow the fluctuation of the air 
temperature. A.N. Formozov, the distinguished Russian 
naturalist, has observed the same threshold in the activity 
of smallemammals¥otethe taigamingthe UsS.S2R. In the cyele 
of the seasons, the "Fall Critical Period", the period 
between the onset of subfreezing temperatures and the 
development of the snow cover to the hiemal threshold, 
undoubtedly gives shrews, voles and lemmings their severest 
Erails. 

Although the temperature under the snow cover remains 
Stable’ from’ day to day, the temperature ofthe £orest E£loor 
varies strikingly from place to place. One would expect, 
for example, that the qamaniq under the snow shadow of the 
spruce would be cold spots. I have found this to be true. 
With the air temperature at =e Sacer the soil temperature 
one inch below the surface was -19°C at the base of a tree 
slats) oily) 55) “le just below the qamaniq. Later in winter, with 
the air temperature at ESGece the temperatures were 
respectively =O besepandt 140% The activity o£ the small 
mammals under the snow relects this pattern of temperature 
at the forest floor. Sampling of the population, by means 
of live traps under the snow, shows that red-backed voles 
avoid the qamaniq in favour of those parts of the home 
range under full sSnowcover. The Russian worker, N.V. 
Bashenina, has shown that carbon dioxide gas sometimes 
accumulates under a taiga Snow cover in concentrations 


sufficient to cause voles to construct "ventilator shafts" 
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up through the snow. At the openings of these shafts, the 
voles are exposed to predation by owls. Formozov believes 
thatelt eis ethisMihabitevotyrthes volewmthat @permitsmcertain 
species of owls to survive the taiga winter. 

Since snow is an excellent insulator against sound, 
the winter environment of the voles and shrews is silent. 
It is also dark, because a 38 cm Snow cover transmits only 
eight per cent of the incident light and a 6@ cm snow cover 
only one per cent. The air beneath the snow is calm and 
essentially saturated with moisture. Hovering between -19 
and -4°C. for most of the winter, the temperature varies 
quite slowly. The subnivean environment is thus strangely 
removed from the taiga winter above the snow with its 
brilliant days and moonlit nights, its relatively sudden 
and violent temperature changes, and its winds and forest 
noises. By diverse bodily and behavioural adaptations, the 
small smammads) ofsethe staiga “areyrable to )utilize, this 
environment and survive the northern winter. Without the 
Snow cover the region would be deprived of most of its 
mammals. 

There is one mammal, the familiar red squirrel, whose 
size and weight place it just between the two groups that 
live respectively above and below the snow. When the deep 
cold of the taiga winter settles over the spruce forests of 
Eherenonen, Sthe, “ned (squirrel se shmec “thes locus Soft their 
activity from the trees above the snow to subterranean 


tunnels below the snow. For weeks at a time, no red 


295 


od ,eeiede wens 
sovsline ee tw Rg wobgabery otk angie #28 wt 
icsene atiawee seas eiginuits a9 sided.ow > el pans 

. warns uate oy evivaue oF & hee co otinge 
7 i dwotege Fotdlapnl srvcisone is) at ec 
joniie st ewerde Gia Bélowledy to tnaewivne vesetecwits 


_ : a 
ifaensTs Sevow Vere age? 6 Bevne wd aad opte*ms: oa 


<ove ee 08 & Gae® ddei{ arehiont odd Ye Fhet eq: aig Cr 
a 
hon afas €1 wane ef? Haeaee?. 3ic a1 see. 199 ono’ liv 


newTo?C ert pawce ess ; (jt2:6 Des rugae yates 


i y 713674 ¢ 33 es é ? is Ouem.~ ear -276= ‘one 
vigesetsn aide el sa@unqiul yes eepvindye 8? ¢iaoka® blue 7 
— ihe me aa Ane sete tu -tas @nwe st bevamed 
f os wieviwtaley cx? «¢2 p *ifnges Goe-ayeh. goeltts . 
4 bre itv #24 Hes fapner” e&yuIn3eQges dasioiy- Di 

. 7 - 
wat , sadlsa7enh favnels j ‘aa ylibet sasevihcge pephon 
> 
de ovlliee am €ft5 os cptas efy Yo. clémasm figme 
= 
wt eueaniW .tetsie coi sae O6vivaue bee sompaertyas, 


si Yo Wedw Be SevVeige? «et Alvew nelost ens IwreD VOR 
tee ‘Am 


iw ~dewilygecheor vweiline? entz eenem ane at pen 8 Tv | 

sass aqwoig cay ed) aperiad p ad wendy ate! hi ” eck 
. is . 

Jest ant nevi ~wene wit? wata@ An sve 


hed he-abes 

oi hee ase vebp whee 

a af ash Bayne vali Wa 
7 ens ee 


‘bey Gr | win i 2 


- 


te ateeqot east a; teye biden: 
vised. ae eer 


Squirrels will be seen in the forest. These crit eal 
temperature that sends them from the environment of the 
moose, fox and lynx into the environment of the shrew and 
red-backed vole seems to lie between -32 and -34°C. 

We are indebted to Formozov for the scheme that 
classifies mammals on the basis of their adaptation to 
snow. Those animals that are unable to adjust to snowy 
conditions he calls chionophobes, from chion, the Greek 
word for snow. In North America, the pronghorn, the wild 
Gunkeys= and ©ethes@opossum™ HDelongeato, this “category. 
Chioneuphores are animals, such as the shrew, fox, vole, 
moose and elk, which can survive in snowy regions. The 
small select group of animals, such as the varying hare, 
the North American caribou and the varying or "“hoofed" 
lemming, which possesses definite adaptations for snow and 
is limited to snowy regions, is known as chionophiles. 
This ecological classification has great possibilities as a 
tool in zoogeographic studies and should also underlie all 


wildlife management programs in Snowy regions. 


Exercise 8. The Snow Shelter and the Subnivean 
Environment. 

From the first investigation plus assigned readings, 

it should be evident that it is warmer under the snow than 

above the snow during cold weather. AS a result, the 


presence of snow in the Canadian winter serves to protect 


organisms found beneath the snow from some of the severe 
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temperature extremes which we normally expect during the 
winter season. Many small mammals and insects, which 
people assume are hibernating, are really quite active 
under the snow cover where it is reasonably warm. New 
fallen snow is generally light and fluffy. The shape and 
structure of the individual snowflakes cause air to be 
trapped between the crystals. This low density snow 
becomes an excellent insulator and prevents heat rising 
from the earth from rapidly escaping. It may be accurately 
compared to the wearing of a down jacket. 

Both the Inuit and Northern Indians have used the 
above principle to consrtuct snow shelters. The Inuit are 
famous for the now rarely used "Snow igloo" made from 
densely packed snow (typical of “the tundra regions) which 
is hard enough to be cut into rigid blocks. fThese blocks 
are easily handled and provide considerable insulation even 
though the snow density is quite high and its insulation 
ability reduced. 

Snow, in the boreal forest regions (taiga) that make 
up most of Canada, tends to be softer and cannot be used to 
COnStnuct. “1glocs: « The Chipewyans and the Athapaskans, 
northern Indian groups, developed a unique snow shelter 
called a quin-zhee, which allows man to use the insulation 
properties of snow. 

This creates an environment similar to that of typical 
Subnivean (beneath snow) plants and animals. By 


Constructing “a “quin-zhee, you “cam “investigate the 
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environment of the subnivean organisms in an indirect way 
and also determine the effectiveness of a snow shelter. 
The quin-zhee (Figure 13) is constructed in the 


following manner. 


bigunel3 28 CrossmSection Through va Quin-zhee (Snow 


Shelter imu 


Thermometer 


Ground 


Using a lightweight shovel, snowshoes or some other 
"digging" device, snow is piled about 1.5 - 2.0 metres high 
and 3 - 4 metres in diameter. It is: important) to obtain 
snow from all depths. Because snow at depth is warmer than 
the upper layers, the resulting mixture causes the snow 
Crystals to Euse’together. Melty takes mas dittle as 25 to 30 
minutes for the snow to "set" on a very cold day (-20°C) 
and on to two hours on warmer days (-5°C to —100);. 

A small hole (door) of body diameter is dug into the 
snow pile, close to the ground and a cavity hollowed out. 
the snow is scrapedjiiclear tostherground. The walls and 
roof should be at least 48 cm thick. 

ASplece o£ cardboard; "old Gtowel, styrofoam, etc. may 
be used as a door cover. Indians would often use the skin 
of some animal. 

Before going outside and building a quin-zhee, try the 
following exercise. 

A quin-zhee was completed as in Figure 13. The 
outside (ambient) air temperature is BOG Ge A series of 
temperature readings are taken 18 cm below the roof inside 
the guin-zhee under varying conditions. For each of the 
conditions try to predict what the temperature readings 
might be. Don't worry “about™ being) taccurates | Record your 
predictions on the data sheet provided by your instructor. 
Condition 1. The door of the quin-zhee is open to the air. 


Temperature = 
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Condition 2. A piece of cardboard is used as a door. The 
door remains shut tor six minutes. 


Temperature = 


Condition 3. A person remains in the quin-zhee, with the 
door closed, for five minutes. 


Temperature = 


Condition 4. Two people remain inside, with the door shut, 
for five minutes. 


Temperature = 


Now transfer your predictions to the data ‘sheet 
provided for this activity. It is now time to investigate 
the characteristics of the quin-zhee. 

Before following the procedure for this investigation 


be sure you have all the required materials listed below. 

Materials 

Shovels - lightweight aluminum if possible (if you wish 
to integrate the building of the quin-zhee 


with survival techniques, replace the shovel 


with snowshoes, cross-country skis, etc.) 


Cardboard, Styrofoam, or’ Old Towel —"for uses as: a “door”. 
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Thermometer - alcohol, with supporting string. 


Flashlight - for reading thermometer "in the dark". 


Snow Sampler 


Ground Sheet - for protection from melting Snow on the 
ground; a garbage bag or plastic sheet is 


quite satisfactory. 


Stick or Hook - to support the thermometer 18 cm from the 
TOO ke. 
Metre Stick - or equivalent. 


Watch with second hand or stop watch. 


Procedure 

Construct a quin-zhee as previously described. Pile 
the ‘snowsas: quickly -as/possibles) yBemsurento, let the snow 
set for at least thirty-five minutes before hollowing it 
out, or else the snow will collapse. 

When the quin-zhee is complete support a thermometer 
lO cme edowns trom, the) root Vas in shigune 13) Record 


temperatures inside the shelter under the conditions 


outlined below. First record the outside temperature. 
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1. Leave the quin-zhee empty and the door open for six 


minutes, then quickly enter the shelter and record 


the temperature. 


2. Leaving the shelter empty, close the door using the 
cardboard or equivalent. Be sure the door is closed 


tightly. After six minutes, enter and quickly record 


the air temperature. 


3. Allow one person to enter, close the door and have 
the person record the temperature after five minutes. 
A flashlight will probably be required to read the 


thermometer. 


4. Repeat 3 above with two people inside the quin-zhee. 


5. Each member of the group must spend a couple of 
minutes in the quin-zhee in order to record what it 
feels like to be "subnivean". Comment on apparent 
temperature, light intensity and sound transmission 
while the door is closed. Have other group members 
outside the quin-zhee shout, etc. to check for sound 


transmission. Put comments on your data sheet. 


Unless you “Intend “to use ithe  quin-zhee tor other 


experiments, smash it down to prevent potential injury to 


inquisitive children. 
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Results and Discussion 

YOUrs teacher will eprevide) yous with "specilaleicorms™ tor 
entering and interpreting your field data. When completed, 
attach Data Page No. 3 to the Results/Discussion pages, add 
an appropriate title page and submit the report to your 


instructor. 


Glossary 


ADAPTATION 


Any characteristic o£ an organism “that contributes to 


TESNSULVival. 


AMBIENT AIR TEMPERATURE 
The temperature of the Surrounding air at a specific 


time. 


ANATOMY 


The study of the’ structure of organisms. 


BIOCLIMATE 
Climate conditions such as temperature, moisture, air 


movement, light, etc. which immediately atfect 


organisms. 
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BIOME 
A region of the earth in which organisms share a 
common environment, usually defined by a major climate 


regime. 


BOREAL 


Northern. 


BOREAL FOREST 


A broad northern belt of vegetation dominated by 


conifers, particularly species of spruce. Also called 


taiga. 


CHIONEUPHORES 


Species of animals that can withstand winters with 


considerable snow, for example, moose. 


CHIONIOPHILES 
Species of animals whose ranges lie completely or 
almost completely in regions of hard and continuous 


winter with much snow, for example, varying (Snowshoe) 


hare. 


CHIONOPHOBES 


Species of animals which do not inhabit snowy regions; 


Snow avoiders, for example robin. 
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ENVIRONMENT 
The total surroundings, living and non-living, of “an 


organism. 


FLOATER 
Capable of walking on the snow surface, for example, 


Snowshoe (varying) hare; grouse. 


HABITAT 
The place where a population of organisms lives; where 


one goes to find an organism. 


HIBERNATION 


A condition in which an organism spends the winter in 


a dormant state. 


HIEMAL 


Involving snow. 


HIEMAL THRESHOLD 
The point at which a sufficient thickness of snow is 
present to insulate™ the “soll against “changes in’ air 


termperature. 


INTERFACE 


A surface which is the boundary or contact point 
between two adjacent materials, for example, air-snow 


interface. 
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METABOLISM 


iMNessumetotal of thes chemical “activities “occurring in 


an organism. 


MICROCLIMATE 


PUPA 


QUIN- 


Phe. climatic icondvtions idirectly “surrounding tire 


living organism wherever it may be. 


A stage, usually dormant, in the life cycle of many 
insects between the larva and adult, for example, 


cocoon. 


ZHEE 
A snow shelter, developed by northern Indian groups, 
formed by hollowing out a cavity in large pile of 


Snow. 


SUBLIMATION 


A change in the state (phase) of a substance in which 


a solid changes directly to a gas or vice versa. 


SUBNIVEAN 


Beneath the snow surface. 
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SUCCESSION 


A progressive change in the nature of the plant 


population of an area. 


SUPRANIVEAN 


On or above the snow surface. 


TAIGA 
A broad northern belt of vegetation dominated by 
conifers, particularly species of spruce. Also called 


boreal forest. 


THERMAL OVERTURN 


The time of the year at which the air temperature 
falls below (autumn) or rises above (spring) the soil 


temperature. 


WADER 


An animal that must walk through snow, for example, 


moose. 


307 


| oi Ae 
ye tadeniash aebgebepey 46 sfed dsedvson Reon A 
hefior oAta .adentee Ve wastes ylvelonizzeg ,ereRino® *~ 
eseetod snared 
BAUTARYS GARAERT 
ayade seqese ie ert dite +¢ mey ods Fo. sata) ent 
[ham ad? (origye} overio petit ce (naugus) woled wifiad © 


¢ 


oe DSS I9eqReT 
j 
efuneee ve? ,Wewt peels, Aas Jeee 30°35 lagine HA 
ssnocm = sé 


APPENDIX B 


TEACHERS' COPY OF THE BASIC UNIT CONCEPTS AND 


RECOMMENDED MARKING SYSTEM 
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Teachers'! Copy Oofeche basic Une Concepts and Recommended 
Marking System 


The winter ecology projects have been designed to make 
the student more aware of the importance of temperature and 
Snow in the environment. Canada is a northern country and 
winter or near winter. conditions are with us much of the 
year. Unfortunately, Siittle” ti anything) is “said Sabout 
winter and its effects on organisms in our science courses 
or authorized texts hence the development of this field 
ecology unit. The unit attempts to develop the concepts 
which are listed below: 

1. Snow is crystalline water vapour and can exist in may 


structural forms. 


2. The Inuit language can best describe snow conditions. 


3. Since snow falls, it forms layers (strata) which can 
be recognized and roughly aged by position and 
crystal structure if other forces (eg. wind) have not 


seriously modified it. 


4, Snow Pls "lant insulator es anaw may Yapproach »the 


effectiveness of down. 


5. Because =the ground as econtinuocusly giving off, small 


amounts of heat it is usually warmer under the snow 


than in the air above. 
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The ability of snow to insulate increases with depth, 
therefore a temperature gradient occurs in the snow 


cover. 


The temperature at the snow-ground interface tends to 
remain constant at about -5°C throughout most of the 


winter. 


The denser the snow the less effective it is as an 


insulator. 


Snow in protected areas such as woods tends to be 


less dense and deeper than in unprotected areas. 


The «crystal structure of “Snow on the ground ‘changes 
with time due to rising heat from the ground. 
Sublimation occurs, the crystals change with age and 


the snow becomes more dense. 


Because of soil heat, a pukak layer gradually 


develops at the ground level over the winter. 


Snow prevents light and sound from reaching subnivean 


organisms. 


The properties of snow have a great impact on the 
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survival of organisms in Canada and other northern 


countries. 


Man can take advantage of the properties of snow to 
construct snow shelters; in this way living in a 


subnivean environment becomes possible. 
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EVALUATION - FIELD ACTIVITY 1 


PARTICIPATION IN GROUP WORK 4 Marks 
PREDICTIONS (BNTERED) 2 
DATA FROM SNOW STATION (RECORDED) 2 
CLASS DATA —- (AVERAGED) 2 
TEMPERATURE GRADIENT GRAPH 1 3) 
TEMPERATURE GRADIENT GRAPH 2 2 
DISCUSSION QUESTIONS L Dh 
2 2 
S 2 
4 2 
5 2 
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BVALUATION —"“FIELD ACTIVITY 2 


PARTICIPATION IN GROUP ACTIVITIES 


TABLE 1 SNOW STRATA/AGE 


TABLE 2 WEIGHT OF SNOW (STATION A) 


TABLE 3 SNOW DENSITY (STATION A) 


DENSITY CALCULATION 


TABLE 4 TEMPERATURES (STATION A & B) 


TABLE 5) DENSITY (STATION B) 


DISCUSSION QUESTIONS 1 


Sn ca) 


ch ts) 


fr 


25 


Marks 


a3 


Piet 
_ - . 
& eevee) ae - 


ee la 


08 & A WOLTATS! SSHUTARNEMET 6 SIGART 


a 


7 wy - ao 
earvivi7sa end ut THAT 


n> . 
. 


UUM \ATARTS WOMB i sea 


i 


oe 


(A wOiTay®) wour 90 THOS 82 


) =e 
(a wovvete) wrremgo Wome & Q.4eay) 


VOTTAIVOIAD YTIAR 


-= 


iy MC ?TTaTd) wrigead @ RIGA 


i CwWOLPEICO OTZeCRaT 


EVALUATION - FIELD ACTIVITY 3 


PARTICIPATION IN GROUP WORK 


PREDICTIONS (ENTERED) 


QUIN-ZHEE DATA, TABLE 2, ENTERED 


CLASS AVERAGES ENTERED. TABLE 3 


DISCUSSION QUESTIONS 1 


TOTAL 


4 


Marks 
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EVALUATION - FILL IN BLANKS ASSIGNMENT 


5@ BLANKS TO COMPLETE AT 1/2 MARK EACH. 


TOTAL = 25 Marks 


OVERALL EVALUATION 


PEE CDPACTEVETY 22 = 25 Marks 


BEELDGACT LV PTY. 2 = 25 
ASSIGNMENT = 25 
POLE DRAG. Viiye 3 . = 22 


TOTAL MARKS - 
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APPENDIX C 
A SAMPLE PAGE FROM THE PACKAGE OF DATA COLLECTION FORMS 


PROVIDED TO THE STUDENTS 
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DATA SHEET NO. 1 


NAME GROUP NO. STATION NO. 


GROUP MEMBERS 


DATE _ TIME OF DAY A.M./P.M. 


WEATHER CONDITIONS 


SNOW DEPTH ule 


Predictions of Lemperature in Snow 


Temperature recording point Predicted temperature 


Alr-Snow interface 
Mid point in snow 


Snow-ground interface 


Snow Station Temperature Measurements 


: : Distance below Temperature 
Recording point Snow surface (cm) recorded) ('C) 
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APPENDIX D 
A SAMPLE FROM THE PACKAGE OF RESULTS/DISCUSSION FORMS 


PROVIDED TO THE STUDENTS 
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RESULTS/DISCUSSION FORM NO. 3 


NAME DATE 


RESULTS 


Table 1. Predictions of Quin-zhee Temperatures Given an 
Are Temperatiresore-25 Cc 


Condition Predicted temperature (Cc) 


Shelter empty - door open 
Shelter empty - door closed 
1 person inside - door closed 


2 persons inside - door closed 


Ambient air temperature = Gy 


Mable 22 Temperature Recorded Within a Quin-zhee 


Condition Temperature 


Shelter empty - door open 
Shelter empty - door closed 
1 person inside - door closed 


2 persons inside —- door closed 
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Average Temperatures Inside _a_Quin-zhee 
Calculated from Combined Class Data 

Condition Average temperature (213) 

Shelter empty - door open 

Shelter empty - door closed 

1 person inside - door closed 

2 persons inside - door closed 

Discussion 

av Is snow acting as insultation from the cold? Explain. 


N 
e 


Is there a difference in temperature inside and 


outside the quin-zhee with the door open? Why? 
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Does the presence of a person(s) change the inside 


temperature of a quin-zhee? Comment. 


Would a quin-zhee be a good shelter throughout the 


winter? Comment. 


Other than melting the roof, what would probably 
happen if a heating device (with a flame) was used 


inside the shelter with the door closed? 
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How would you describe the environment of a subnivean 


mammal based on your experience inside the quin-zhee? 


Comment briefly on your predictions compared to the 


actual temperatures measured inside the quin-zhee. 


What is the point of calculating class averages of the 


quin-zhee temperatures? 


Do you see any practical use for a quin-zhee? 
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APPENDIX E 
EXCERPTS FROM ONE INTERVIEW 


TRANSCRIPT OF CLASS THREE 
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Excerpt from One Interview Transcript of Class Three 


An interview was held on March 25, 1982, involving a 
Group of Eour stu@gents;, * 0,7R, 6 and TT, from Class) 3.7 the 
88 minute interview session resulted in a lengthy 
Eranscnipe. Therefore, an excerpt from this interview is 
presented below. It will indicate to the reader the manner 
in which the interview was conducted and the interactions 
among the members of the interview group. 

A series of dots (...) within an utterance indicates a 


brief pause. 


Interviewer: Okay. Could you describe some of the 
different types of labs you have done over 
the time you have taken biology? 


Tes Lots of dissections in Grade ihvahs 
Everything. Worms. The. stant ish. 
Everything. 

S* Une huh. 

ae Thates about 1e.yeDrssection mostly. 

R: We did a lot of dissections too, in Biology 


19. Do you want chemistry as well? 


Interviewer: Uhy huh: 


R: And in chemistry we did, like, mixing stuff 
and chemical reactions in Grade 16. 


Ok We Just Sidid edissections -and pchemical 
reactions aw llete le wut a.ceand Eriction and 
Sstuttl Like sthat sin physics. 


Se Yeah. Justeedissections-= and chemical 
reactions in both chemistry and biology. 


Interviewer: Did any of you do any work with microscopes 
or anything like this? 


Te Oh yeah. 
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Interviewer: 


Interviewer: 


es 


Interviewer: 


wine 
Interviewer: 
Sr 


clas 


Un huh. 
Not much 


Yeah, wer did’... in Grade 10°)... looking at 
the cell and cell structures and stuff like 
chat. 


About how much time... maybe we can 
Vocalizem ity tov the “Biology 10 sprogram.... 
how much time did you spend in the lab over 
the entire course that you were doing? 
(pause) 


Three days 
No. , More than, that. 
We had around twelve. 


Cause we were dissecting a whole bunch of 
things. Like it was every third or fourth 
period we would dissect something. 


Wess didsmthat. too. Like when we did 
dissections, when we Started the unit, we 
did every second day. And that would take 
a whole period to do the one thing. 


Uh huh. 


That's what we did too. We did dissections 
almost every third day. 


What is your opinion of lab work? 
Teeliker 1c. LeSseecon. Yous get (to...you 
don't get somebody telling you how it is. 


You get to see for yourself. 


Do you think there is any value in doing 
ate 


Oh yeah. Lots. 

When you say fun, what do you mean by fun? 

Oise 

Well, ~lElSs Bnotas JUS t. .Jolng @ein there and 
listening to somebody telling you how it 
is, and you take notes down and accept it. 


You find cut for yourself whateit is, like 
you know, you cah see it. You don't have 
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Interviewer: 


to™..o (liketit*s something different other 
Ehansnoves a ands listening. You can 
participate more. 


Yeah. Teeth nkeet See... melhab eworkimioevery 
important. Yourget toe... .1¢€!s the sameuas 
she said. You get to see what is actually 
happening rather than being told or through 
textbooks. 


It also breaks down from the boredom too. 
Because you spend hours and hours and days 
doing the same thing over again, it kind of 
makes a nice break for it. 


Yeah. “8lsthninke1t" s worthwhile. ""Your learn 
a lot more that way instead of just taking 
down notes all the time, and it is fun. 
Tt*s a change. 


Okay. I'll just toss this out to everybody 
in general. What do you consider a good 
lab? 


(Long pause) 


Assume we can classify labs as ones you 
would consider were good compared to ones 
you maybe thought were probably just as 
well you had not done or, if you like, a 
bad lab. How would you describe a good 
one? 


Something that challenges you, like you 
don't...nothing really, really simple like 


Like grade six text books? 


Yeah. 


Yeah, De Vhas to sbe something, that you 
can't... you "have “to “really “be challenged 
Mis Really dig down deep to find the 
information -.... 1t's) all@on the surtace and 
you" Kind of =look “at it, there’ it) 1s,. and 
youre £inished. 


Yeah, you have to more or less know your 
stuff. Know what you are doing... 


Yeah 


see An order otordo: themlab ws bikes youcdonit 
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just go there and, you know, your done in 
two seconds cause you Know so well what you 
are doing. 


Interviewer: One of the things that usually happens in 
labs... and I don't know if it has happened 
in ones you've had... that usually a report 
is expected at the end of it... or at least 
some documentation on what you have done. 
Do you think this is really necessary to go 
along with the lab or would you get just as 
MUCH GOUuUtw oh Ute) byredoings the /lab™ work 
without having to report back on it? 


Ore I think the report sort of shows what you 
have® bearnedmabout 1, Soot is kind of 
important. 


Re It depends on the lab really, too. Some of 
them you don't need the report cause it's 
~just learned. Others, like when we did the 
snow, istatlony ea... then fyous had = to record 
yourtidata® cause ‘that «told “you, like; the 
temperatures of the inside and the outside 
of the snow. That's what you learned. 


(pause) 
Se Wella <donftuknow: Te chpnkee ty 1 sesand wai 
isn't necessary. Some of the labs you 


cannot do anything and just copy someone's 
answers and you don't know what you are 
doing. Then the work would come in handy 
afterwards, so that you could prove you 
knew what you were doing. But another 
thingneas © canlt, thinkeot an examples) Bue, 
you “Know, Pieeltes mally lardesoutw torn you 
right then, and you have to know it before 
you begin, you Shouldn't have to answer the 
questions about it. 


Interviewer: Let's assume you have a report that you 
turn dn. SHowsdo youmthink= your Tabmshiourd 
be graded? Assume you have a one to ten 
scale of marks. How would you like to see 
them broken down? 


(ay Marks more on content. 
Interviewer: Could you be more explicit? 
Os I don't know. Like what you said; how you 
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Interviewer: 


Interviewer: 


Welly, (you would! shave ito mark it, more von... 
Well you have different opinions. It would 
be hard to mark those cause your data is 
what you get and it can't necessarily be 
wrong ‘or right. Youscouldn to mark, act )by, 
that. You would have to mark it as it 
Stands. Content, as he said. 


You -have@ torsmarks how,* like,, your effort 
DMO ah tye Like, say there is a lab and 
Somebody goofs off. You got to mark on the 
aetitude and efEort put into Lt. How well 
you recorded your data. Like, if you are 
gorng stoahaves amareport, to put,. in put sald 
your informations in it. Don't leave half 
of it out. Make it really clear. 


De.donit oknow. breshouldge pens mostly. son 
content. I think cause there isn't a right 
or wrong answer to a lab. Like, you know, 
out at the snow station. Some people got 
really different temperatures than other 
people did, and that didn't mean that one 
person was right and the other person 
wrong. Ltusm JUSt. eet GON co KNOW eras cllLe 
results you get are what you get. 


Do you think lab work is necessary at all 
in any of your science courses, or could 
you, Nave sgotu just. as. much out) of essay. any 
COp1LC you .weres covering ethats hada alot sor 
labs with it, without ever going into the 
ab anv the first, place? 


th “thinks lab work sus essentival stoma 
sciences. Well, I haven't taken physics. 
But I know some, some of the things you do, 
we. LIke -celiliestructurerandsthat. sou scan 
understand it without “the. labs, but it 
makes it clearer to you, I guess, with the 
labs. Like, you can see everything in the 
organization of the cell and stutt like 
that in, -biolcegy. In chemistry well, you 
can see a reaction and not take someone's 
WOCdm tO silt wagain. You have to find out 
form yourself. 


(To thes other students) Could you get away 
without lab work? 


T think it’s very important. Labmework > sine 
shows you everything. When we did those 


snow Stations \f really = personally sdidnit 
think that we could make that, that it make 
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Interviewer: 


Interviewer: 


Interviewer: 


really a difference, the temperatures 
inside and outside. But once we did it, it 
Sure showed. It was a lot warmer inside. 
You wouldn't realize that unless you did 
Ves 


Let's say you just had a class session and 
said, “Here is a pile of snow. If we take 
a temperature here, it's cold. Lis you.go 
down, it getS warmer". You would have 
learned the same material. So why do the 
lab? 


It's more interesting. 
Yeah. You @get. 16 .do Sits yourselé. Learn 
how to do it yourself and not always get a 


demonstration. You do it yourself. 


If you do it yourself, you tend to believe 
it more or have more reassurance other than 


just being told. You) are going) to say, 
"Well how does he know? Like, maybe he is 
Dull now ouTreel edu. sje Mies ae Web Isliow thie 


yourself, you see for yourself, and you 


know. 


Okay. Let's get down to some of the snow 
activities you did. Could you describe a 
few of the activities you performed during 
the snow ecology unit you were doing? Any 
Ofsthe activielessataali. 


The construction of the quin-zhee. We 
piled up tthe ésnowigand shollowedr it) out... 
and took temperature readings. 


We did measurements of snow... and the 
densities of them at different layers... 
and we saw how the layers form and the 
aging) of the crystals, and stuff like that 
in the snow. 


What do you mean exactly by measurements in 
the snow? 


Taking the depth, which wasn't mentioned. 


Ah.s.. well,» you Know... the snow piles up 
and, like, we were just measuring how thick 
the layers are and stuff like that... and 
the density. You know. (Moker aoe S celolsw te 
know exactly how it goes but... when the 
snow is pushed together more, it's more 
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Interviewer: 


Interviewer: 


dense. Like the... they have given us an 
example... What kind of snow ball would you 
like to get hit with, you know. A more 
dense one or a less dense one, you know. 
It's kind of obvious but, you know, we 
found for ourselves that snow is denser 
when it is packed and the weight of the 
Snow is heavier when it's denser... ha ha 
v2) Ande sturee Like “chat. 


(pause) 


Was" "thene “anything “else you “didvv. 
involving temperatures for example. 


I think we covered it all. 


I took the temperature in the quin-zhee, 
inside and outside after we had finished 
digging it. We took the temperature of the 
different layers of Snow. 


Let's talk about the materials you were 
given to work with. Tie yous’ cecal, you 
were given two booklets, one in which you 
completed some exercises then you were 
presented with a second one. What was your 
Opinion =*oOr "the readability ~of® these 
materials? How did you find the level of 
English, the descriptions, problems reading 
iS Your general Opinwion) =O te eNe 
readability of the whole thing. 


It wasn't that hard to read. fe your just 
concentrated on what you were reading you 
could understand it all. The descriptions, 
like =fOR. ale SOL ELerene | indi ane cerns 
for snow... they were all spelled out very 
clear. 


It was easy to read. I had no problems 
reading it. The descriptions were fine. 


It was easy to read but when we got to 
answer questions, I'd have to re-read it 
over again, aS I went through the 
questions. I had to think about what the 
answers would be because sometimes they 
were... like just given to you... you’ had 
to think about them and know and relate 
what the book said... and what your work 
said to the questions, and come up with the 
answers. 
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Interviewer: 


Aue: 


Interviewer: 


Interviewer: 


There were no particular difficulties you 
ran into in interpreting what was said, 
then. 


No. 


What about the manner in which it was 
Written? Was it interesting enough as you 
got, into reading it (or did you feel you 
could) put sit down gust “as “quickly. Les 
interest level. 


I think it was really good. Like, it gave 
you a little bit of information to arouse 
YOUr CURiosIty and wants “you to “find wout 
more. And then it would tell you, “Here is 
Gy ye) (exe Melsvey voles ine) jesuatel telbhe Cjulewew ys  isiey Ik 
found “ity, lake, Sinteresting. It wasn't 
something that I started to read and said, 
LON Pp ADOG@Ingr er... Chew si tfeaway.s ty kept my. 
interest up. 


hy foundssle avery interesting sf too. They 
went Into: av little kind=ofk background, sort 
of, like the Indian terms, and that's 
something that kept your interest up. As 
shevsaid, (ttall related ttogyour Vabay You 
were learning. Lt wewasi vue 1S Ceeenoy 
interest. 


i ‘almate hae Me Lind Le ecoxe) interesting. 
Laughter. 

iIegust donucem i Kem tom neadiatoom muichs7so st 
dont think®my opinion @matters for much. 4 
can put down any book that's fascinating to 
people. 


I thought it was pretty interesting. Le 
gave you background to what you were 
studying “ac “thesstime. It was, overall, 
Prettywcleamatomyou, searnned 7...) Yousmgot 
something out of it anyway. 


WhateeabouUtewthe = instructtons: (both efor 
performing the labs and other associated 
items? How did you find those ... looking 
at it from the point of view of how easy it 
was to follow the instructions or were they 
vague ... looking at the two extremes? 
What siditd. SyourStthink Peot @ethesvgeneral 
inst puctions’? 


They were pretty clear. Some people had 
some problems... interpreting them... no... 
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Interviewer: 


Interviewer: 


Oj 


Interviewer: 


OK 


Interviewer: 


Interviewer: 


Pedon te know. Tu was already told) to wus 
how tCosgc aboulteitpandsewhat tondo.w S00) syou 
Know. All you had to do was read through 
the book. It was pretty clear I guess 
Bur. 


Any place that it wasn't clear there were 
diagrams. 


Yeah. 


Like you... if they described something and 
you weren't sure there was always "Refer to 
diagram 26", or whatever. And it) would 
Show you exactly how to do it,. and there 
was no problem. 


What about making the equipment? There 
were a couple of things you had to do. Any 
problems. int actually making the ‘snow 
samplers and the balances? 


Ha shades. LES you, read ‘ther directions? right 
YOUn wouldn’ (wihave™ too. many @probiems: 
(General laughter.) 


It was all relatively simple and materials 
from everyday use. Laker. So mit Swasntec 
something you would have to fly to the 
Yukon to get and bring back. 


What about using the equipment once you had 
made it? When you went out in the field 
did you have any difficulties? 


Ha ha ha. 


You “Seem Stos' nave: run > into, %a,) (few sot 
something. Could you describe it? 


I pushed the sampler in the snow and it 
broke (laughter). Poor construction. 


Any suggestions for changes in equipment 
manufacture from your experience in using 
te 2 


(All indicated none.) 


What about the time you had available to do 
the entire unit? . Did you feel there was 
enough class time assigned to complete 
everything? Could you have done it in a 
lot less time or more time? 


332 


_ 


1 uwcos 2% 
ot 4yote op< of 


0. wt Shee oomeet 
oy ar ~om 60-4 


ise? gev s© Gf 


aperi iA # wey LIA _ 
f vinbo yareng . +t «ined 

oeedad 

s veal? teelo ott 2) gett woatQuyna 
eanspels 

Ldaay 

aea#iapaeh waky 31 ...008 anta 

:* evevie oav pred? ape 2' ree Boy 

bons yeverane wa —| OF seripgals 

‘ i" j ie of. wor Fe Ogs u i worn 
eOicdnia std 

ft ns yea. Jyvoda . 260 

j a9 if vow 4 in? 325 #' siwosa sa 2e 

F ++ ‘ ni Eng icdor?g 

: 4 ans P - 9 é. 146 

tps é » Hao ay, 2 oon A an 

' ; é a4 A et wt aw v y 

“elt spucl. Leteney} 

| | A ee * rnwisn é ise ros Ls sav 4 
: ra j ' ‘ 4 a 
1 r Wa 9 ove ' : 
i § ‘ ot ne ae ry 

1 ‘ ; ? i's 8 Gz ro teu oct ‘aaa 
i : bd " rae al iw , ‘ ailW += apu® 
ve j id é a ‘ ¢ j Ais 

oar ne #hr 
» we é OT wi mW > 5A Poe voy 
q $ ee i onw@e!: § im. ent 13 5aceo 


| knx wee é¢t) ie 8! t oy P| hacdéeug I 


oad FUER ISRAT, Ban 


venygibgs Ai peganse wil eneis vaveut,| rt a 


bat ai @opealtegre @eby Ge27 ethos 


Dieter. —— 
ae _ 
aah ied | mn de 


wig-wid oF 
a an " hip A : 


nsiguatiresnggd 


stewolvresal 7 


Interviewer: 


Interviewer: 


Oh, yeah. It was the right amount of time. 
Yeah. = Lt was gust: vight. 


It seemed that when you finished, everyone 
else in the class was just approximate. 
Well, a few of the days we did have a 
little extra time and we would use the time 
to do the questions, so 1 worked “out 
pretty good. 


The data sheets you were given when you 
actually (went Wout inthe giields. Did you 
hind® them, “useful, Gorn ewould” vou tinave 
preferred to take data down in your own 
way? 


No, they were useful. Like, Vi£ you would 
have taken it down in your own way you 
probably would have done it in the easiest 
way and maybe confused the data. Like, you 
probably would have had six different 
temperatures down but once you got back in 
you may not have remembered which one was 
for where, and this way it was all spelled 
out and all you had to do was just put it 
in the appropriate place and when you got 
back7 = unternpret Sit. It made things real 
easy. 


The sheets were fine. They had everything 
written down so that all you did was have 
to write in a number. It was a lot easier. 
Fomean, lt was so cold. You didn't have to 
write out a big story. 


I get a comment from one or two individuals 
that in the first exercise, where you take 
the snow termperatures, when they got out 
to do them they couldn't remember exactly 
how they “should “perform thes Gactual 


temperature taking. Diidieyo Ww piandseany 
problems with this when you went outside to 
do your actual experiments? Oryedidesyou 


have to refer back to the booklet each time 
you wanted to confirm anything? 


I think if you read it before you went into 
the lab you wouldn't have to do that. 


Yeah. It was pretty straight forward in 
the book.) lwam sure? lipyourread it coverira 
couple of times, you Know, you'd know what 


313)3 


‘.? 
: 


Sc Soveioes ee ? ‘om . . 
eo" gov 25%. Ga 


¢ 


all) 
novieve ,hedeal’ weg nee tects besesa. 31 


iomiuesyqa. dau? wew agate ets aio ents 7 
u owt >) gw @ynl @f2 ‘34 wed oo (I iew 7 
tf eft eav Bloow @6 One eels engxe afesti 

Li ; 6 Mectoaeep a2 cb as 


,Bdep v2te19 


: - 
: a : 
levis. @9e@m wey G@aate efah ‘ori ‘awe lviesal t 7 
> 


‘ iets ies wi uy I1Agu v-/eas0e 
ow ied 5 rotten meds Slt 
aan peeh et9h #468 of be rvedeva 7 
4 {ou : - 
e. , an iJ ’eu liane e1eEYv vent * ou 7 st 
” ‘a’ Wey A seh 3) areas. evan : 
a ms ; : v Th (eawW ¥ ifdade. 4 _ 
, ade ad a @ ; ,* - a7 ~« Yow : = _ _ 
i 4 S80076 ; 
r 5 ) : : 4A rac A @ 
sy hag + 


1 vot way 
mw ol ee wit) ters yierw vot 


& by i. © ign dj oot its bees Sue 
aol tad O66iy @dslaqurega sds- ni 
f ‘ 6 1 : » 2980 
-ypae 
’ 
wag sept? > eee ateete GAT 
ick we ile $eas os lw nessa wm 
b. o ney eT 4 i i es 92 37% cS : 
nhit wey «GI | » 2) gasenm ft 
.yo094 pla © 900. edtaw - 
,iiel a4 @@) Gne wart ioUGns & we 7 stewed at 
wey vey Stet Geaiaiess dvti? ad nd. 2en9" 5 
“ne ‘up VORA fee ue sw rregnie? te ch ae — 


iene lees Sabtyes yous nels oh ot, = 
i wad lB FS “* a956q o.Hona yeu? ‘wert 
a. tur? bev Pele. .peida Phe n noe- 
23 @bi4e4 20% Arby ewe ine piv 
voy BLP.“ piteqry faurpe.' sue at 
eels Haug ‘es. dna ieted =e * 

o-capapia ad tara oS 

a 


Interviewer: 


ot 
Interviewer: 


sles 


Interviewer: 


to do. 


There wassnanrd.,... you really didnytedo itnat 
much. 


Une hun. 


Like you just took your samples. That's 
not too hard to remember. 


The results/discussion sheets you were also 
presented with to complete. Did you have 
any particular problems handling the 
instructions with “them, eand...) lets: "look 
at Tt from ‘the #two things: yous had sto. do. 
Youwhnad¥tcewrill in data “and then you Nad. to 
answer the questions which were supposedly 
based on the data you collected. I'd like 
tor referyiroe “one ine particular, “the, first 
sheet where you had to do some graphing of 
results. Did you have any problems in 
interpreting how to set the graphs up... 


No, it was pretty easy. 
SSO AbELICuLty sin DLottings tL nempolntise 


No. When the book gave you, like, gave you 
another diagram on how to do it. So if you 
just read it over and looked at that, there 
was no problem in setting up your. own 
graph. 


What about the questions? What was your 
opinion of them? 


You had to think about them. 
They weren't too hard. 
They were good questions. 


Yeah. They were good questions. I learned 
a lot from them. 


I learned a few relationships. 


Yeah. Like, some of the answers were 
obvious but others of them you had to think 
about. Kowing how to put yourself there 
and See "what@™ you do... kind of thing... 
what would happen. Like, there wasS one 
about... if you had a heating source inside 
a quin-zhee, what would happen besides it 
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Interviewer: 


Interviewer: 


Rvs 


Interviewer: 


melting? © You «know, you couldn't just say, 
well the roof was going to melt, you know, 
cause that was already given to you. But, 
you, you really had to think about some of 
the questions like that. 


Okay. When you did your work on snow 
temperatures... before you went out you 
were asked to make some predictions about 
what you thought you were going to get, and 
then you ac tually, did take some 
temperatures, so you had a comparison of 
what you got with what you thought. Ah. 
Did wany, soE™ you" Lind ~anything sditterent 
between your —predictions™= and what) you 
actually got? 


div. Is thoughts itswould get icolderm eas 
soon aS you went deeper in the snow, when 
in fact it got warmer. 


I wasn't too sure. I just guessed pretty 
well the whole way through because I... no, 
I didn*t think it would get warmer or 
colder. I thought it would probably stay 
the same or something like that... and I 
was kind of shocked to see that it did get 
warmer like that in snow. 


I think most people realized that it was 
Going, tosrmhange retther.,.. UM... neler, 
increase in temperature and decrease but 
they weren't sure which one. Probably a 
Tote Of proplenputeror. .. ans .ul lL Ker Le KnOW 
I did, like when we were measuring the snow 
I thought 1% was going to get colder too. 
But indeed it did get warmer. But I knew 
there waS going to be a change somehow. 


Tenad Lt ri Gnteathaies 1b was. dolngs co eget 
warmer but I was not even close on the 
temperatures, you know. 

In what way were you not close? 

tT thought it swould® be Woe colder sthan @it 
actually was. It was still decreasing as 


you went deeper but. 


What Kind) of impact dosyousthink it made von 
you at the time? 


Pause. 
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Orne wasmitejuctea bunch of datayand=s thates 
ati? 


T think lte.. Une... Lt Showed to you... No, 
it wasn't just data. It showed to you how 
actually even animals could survive.. It 
showed it waS warmer and how they could 
bury in the snow stay relatively warm under 
the condi trons. 
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APPENDIX F 
RESEARCHER'S INTERPRETATIONS OF 


CLASS THREE INTERVIEW MEANINGS 


Bie) 


7 Kigvgeds 
Sm APOTCATANIGINIHT. 2 AIMOWARRRA 
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Interpretations of Class Three Interview Meanings 


The following interpretations of student meanings 
parallel the interview transcript presented in Appendix D. 
They appear below as a series of brief paragraphs. There 
is a separate presentation for each of students Q, R, S and 
es These interpretations, |) inserted ate vappropriate 
locations in a summarized transcript of the interviewees' 
utterances, were presented to each individual for 


validation following the actual interview. 


Student Q 


A lab is a valuable activity because you examine 
things on a -first hand basis. = The slab is alsova break Erem 
regular classroom routine. 


The student prefers labs which demand effort and 
thinking < 


A lab report is important for evaluation purposes 
because it iS a measure of what is learned. Therefore 
stress should be placed on the content of the report. 


The lab is a more interesting way of learning 
material. 


AVdislikey of reading) ts¥ retleleted un the = lack ot 
desire to read thoroughly any lab instructions even though 
this) magtte affect, the “lab performance  1tselt. Labs with 
minimum reading would be preferred. 


Lack Ob reading resulted iA poor equipment 
manufacture. 


Reading instructions before proceding with an activity 
is highly desirable. 


Lab reports should try to stress relationships among 
the data. Predicting. vresultc sprioncomthe sactivicy 
produces a more effective data collecting experience. 
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The student had no comments on whether the experiments 
had any value. Therefore, the labs probably had little 


valuey Eolethe "student! Sotherm than the’ breaks in classroom 
routanes 


Student R 


Lab activities are important because they produce 
results which can be seen rather than second hand text 
information. 


A simple demonstration should have no lab report 
associated with it since nothing new is learned. Labs 
involving data collection need some type of report so that 
the data is analyzed, helping you learn more. 


Answers to guide questions and conclusions drawn from 
data "colliected should be evaluated in a report. The 
Student's seffornt in idoing) a lab “1s ) not considered 
Important. 


Material learned in the classroom does not have the 
impact on the student that an appropriate lab would have. 
Personal involvment is critical to effective learning. 


The student's attitude to a lab determines whether it 
is enjoyed or not. 


Labs which provide information seen as potentially 
useful. 


A good lab requires clear and interesting background 
information which relates directly to the investigation. 


Sufficient time to complete a lab exercise is a 
requirement of a good lab experience. 


In labs, where physical ‘conditions are a problem 
prepared data recording sheets are valued. These sheets 
allow concentration on the experiment, not the physical 
Gonditions. 


Predicting the possible results of an investigation 
Makes the: actual results mone, significant to the wpserver. 


Thee valiic) Of ethe- lab: sWwas snot = gustan =thesvaata 
Collected but “chat “thestintormation could beslapplied (to 
understanding real, natural situations. 


Student S 


Labs in the sciences are of value because more can be 
learned by participation and the lab breaks classroom 
routines. 
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A valuable lab experience is one which requires a good 
background in the subject area. A challenge must be 
provided and the investigation should be of a reasonably 
long duration for a thorough study to be made. 


Labs ~reportsmishould@ be submitted sronly Taf the 
investigation produces something which has’ further 
applacation, not Lor a “contirmation® ‘type of lab. “if the 
concept to ‘be studied by the Dab is: not» clear the lab 
report becomes a useless experience. Clarity of purpose in 
a lab is of high value for the student. 


Priority in evaluation of labs should be given to the 
discussion and interpretation of the data collected, not to 
the data alone. Interpretation of data is of higher value 
to the student. 


First hand experience is of much greater value to the 
student than learning by book; the student is thus prepared 
to accept book data more confidently. 


The materials provided enough background information 
to make reading them of value to the student. Because the 
background material related to the results they were of 
more value to the student. 


Diagrams are valuable to aid instructions in a lab. 
Discussion of an activity in class prior to the labvis of 
value to the student. 


Having sufficient time to complete a lab properly is 
of value to the student. 


Guide questions which make the student think are 
valuable because they result in greater learning. 


Reading instructions carefully) prior to va lab isi of 
value when actually performing the activities. 


Prediction of results followed by data collections and 
comparisons is of considerable value to the student. 


Student T 


Lab work is a valuable activity for the student. Tt 
is enjoyable because it breaks with normal class 
activities, involves group work and first hand experiences 
Secure. 


A lab which challenges the student is of greater value 
than one with few demands. 
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Effort, attitude and accuracy of data recorded are 
high priority aspects of lab report evaluation. 


The "seeing is believing" aspect of lab work makes it 
a superior learning experience to regular classwork. 


Clarity of instructions and materials are an important 
aspect of lab work. 


A lab activity which initiates interest then required 
the student to find out more is of higher value than one 
which simply confirms known ideas. 


Diagrams are valuable in lab instructions, where 
applicable. 


The student was satisfied with making and using lab 
equipment. 


Having sufficient time to complete the lab is of value 
to the student. 


Pre-prepared data collecting forms are preferred to 
Student designed ones, because they focus in on the 
Situation and lead to more satisfactory interpretations. 


Clear descriptions of procedures are easily remembered 
and thus make the lab more effective. 


Clearly presented techniques in reporting the data and 
good questions make the lab report more effective. 


Predicting results, then comparing them to actual 
data, is an effective way to learn lab information. 
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